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(54) A collision discriminating apparatus for vehicles using detecting means in the front bumper 



(57) A collision discriminating apparatus for vehicles 
having: a collision detection device (1 ) monted on a part 
of the vehicle to detect the deformed amount of a collid- 
ed portion deformed by collision of a collision object 
against the vehicle; and a collision object presuming de- 
vice (2) for presuming the collision object collided 
against the vehicle on the basis of the deformed amount 
of the collided portion detected, and the vehicle speed 
when the vehicle collided. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a collision dis- 
criminating apparatus for vehicles for presuming a col- 
lision object collided against the vehicle on the basis of 
the deformed amount of a collided portion caused by the 
collision of the collision object against the vehicle, and 
the vehicle speed when the vehicle collided. 
[0002] The present invention also relates to a collision 
discriminating apparatus for vehicles comprising a col- 
lision object presuming means for presuming a collision 
object on the basis of an output signal from a collision 
detection means fordetecting collision from deformation 
of a collided surface of the vehicle, the apparatus com- 
prising a judgement means for judging the collision ob- 
ject from the strength of collision by comparing an elec- 
tric signal from an electrostatic capacity type collision 
detection sensor for detecting a change of electrostatic 
capacity accompanied by collision of a dielectric com- 
prising opposed electrodes disposed with a suitable dis- 
tance therebetween on the collided surface and an elas- 
tic substance interposed between the opposed elec- 
trodes, with data on a map prepared for every vehicle 
speed in advance and stored to thereby judge the colli- 
sion object the strength of the collision. 
[0003] The present invention further relates to a col- 
lision discriminating apparatus for vehicles in which 
pressure of a incompressive fluid within a chamber of a 
detection portion mounted on a part of the vehicle is de- 
tected at the time of collision with a collision object, and 
the collision object is presumed by a rising pattern of a 
pressure waveform resulting from collision with the col- 
lision object on the basis of a pressure signal within the 
chamber according to the collision with the collision ob- 
ject detected. 

[0004] The present invention further relates to a col- 
lision discriminating apparatus for a vehicle comprising 
a collision detection means for detecting, in the collision 
between the vehicle and a pedestrian or other obsta- 
cles, the collision with the collision object as a change 
of an electric signal accompanied by a change of a con- 
nection in an electric circuit network, and a collision ob- 
ject presuming means for presuming a collision object 
on the basis of detection information detected by the col- 
lision detection means. 

Description of the Related Art 

[0005] In the conventional collision detector for an un- 
manned carrier (Japanese Patent Application Laid- 
Open No. 60-191855), a fluid is sealed into an outer pe- 
ripheral portion of the vehicle body B, and a tube T hav- 
ing an elasticity is provided, as shown in FIG. 72 where- 
by a change of internal pressure caused by deformation 



of the tube T as the collision occurs is measured by a 
pressure sensor P to detect collision of the vehicle body. 
[0006] In the embodiment, the pressure sensor P is 
constituted by a pressure switch, and when pressure 
s generated by collision exceeds a certain reference val- 
ue, the contact is short-circuited, and a control circuit 
causes the vehicle to be stopped. There is no descrip- 
tion that a change of a pressure level is subjected to 
sampling. 

w [0007] Further, in the conventional pedestrian protec- 
tive safety device (U. S. Patent No. 4,249,632), a pe- 
destrian protective device is actuated by a trigger signal 
of a collision detection sensor S of a bumper portion BP, 
as shown in FIG. 73. The device is constituted by the 

is pedestrian collision detection sensor S mounted on the 
front bumper BP of the vehicle and one or a plurality of 
displacement means G for raising a bonnet BN. 
[0008] The displacement means G has a gas bag, and 
there are the case of raising the rear end of the bonnet 

zo BN, and the case of raising both the front and the rear 
end thereof. This gas bag operates as follows: the sen- 
sor S incorporated into the bumper BP outputs a trigger 
signal at the time of collision, and the gas is generated 
by an inflator of the thrust device. 

25 [0009] Further, the conventional hood air bag sensor 
system (Japanese Patent Application Laid-Open No. 
8-216826) relates to a pedestrian collision discriminat- 
ing apparatus for positively developing a hood air bag F 
as a pedestrian protective device at the time of collision 

30 with a pedestrian as shown in FIG. 74. 

[001 0] In the pedestrian collision discriminating appa- 
ratus, as a means for detecting that a pedestrian comes 
into collision with the vehicle, the collision with the pe- 
destrian is judged when both two signals from the bump- 

35 er sensor S embedded into the bumper BP and a hood 
sensor FS incorporated into the hood edge are input. 
[0011] The bumper sensor S is prepared in the pro- 
cedure described below. A conductive rubber integrally 
pressed by a silicone rubber having metal fine particles 

40 blended therewith is sandwiched from opposite sides by 
two electrodes each comprising a bundle of plain-woven 
copper wires, and the outside thereof is integrally coated 
with the silicone rubber to be lengthy. The hood sensor 
S is turned "ON 0 when a load is applied to the front end 

45 of the hood to provide the electric conductive state. 
[0012] In other conventional occupant protective de- 
vices, an acceleration for the vehicle body is detected, 
and when a level thereof exceeds a predetermined lev- 
el, the air bag in the vehicle is developed. It is generally 

so well known that as described above, occupants are pro- 
tected from the obstacle. The position in the compart- 
ment or the presence of an occupant is detected to set 
adequate developing conditions. 
[001 3] It is known that when the pedestrian comes in- 
to collision with the running vehicle, the lower limbs of 
the collided pedestrian are dipped up by the vehicle, and 
after this, the pedestrian comes into collision with the 
bonnet. According to the conventional pedestrian colli- 
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sion discriminating apparatus and method (Japanese 
Patent Application Laid-Open No. 08-216826), in the 
hood air bag sensor system as shown in FIG. 75, a con- 
tact sensor S is installed on the bumper portion, and a 
hood sensor F is installed on the hood edge portion, s 
whereby in the case where the vehicle C comes into col- 
lision with the pedestrian H, when signals are detected 
first by the bumper sensor S and detected next by the 
hood sensor F in said order, it is judged that a collided 
body be the pedestrian, and the air bag G is developed. 
However, in the case other than said order or in the case 
of detection of only one, it is judged that a collided body 
be that other than pedestrian, and the air bag G is not 
developed. 

[0014] In a collision detection switch of the conven- 
tional occupant protecting apparatus for vehicles, as 
shown in FIG. 76, an annular insulating member Z is 
fallen into a locating pin R protruded from a first elec- 
trode F secured to a recess of a side lace S, and con- 
ductive rubber D formed with a plurality of holes and a 
second electrode T are further fallen therein. Then the 
switch is inserted into a mounting hole bored in advance 
in an outer panel such as a door of the vehicle and se- 
cured by a fixing member. 

[0015] In the collision detection switch, when the col- 
lision object collides from the sideways of the vehicle, 
and an external force in excess of a predetermined val- 
ue is applied whereby the conductive rubber D becomes 
deformed, the. resistance between the first electrode F 
and the second electrode T is varied to detect the colli- 
sion. 

[0016] Further, in the conventional vehicle collision 
sensor for sensing breakage, as shown in FIG. 77, a 
conductive rod RD is coaxially disposed in a conductive 
tube C, and at least two annular insulating means R2 
are interposed in order to insulate the rod RD from the 
tube C. 

[0017] At the time of collision of the vehicle, the con- 
ductive tube C is deformed by the force in excess of a 
predetermined magnitude, and the tube C comes in con- 
tact with the rod RD according to the breakage of the 
vehicle to detect the collision. 

[0018] In the conventional pedestrian sensing device 
(Japanese Patent Application Laid-Open No. 11-28994) 
a time period, which output signal from a collision sensor 
is higher than a threshold level and reference time pe- 
riod are compared. When the detected time period is 
shorter than the reference time period, pedestrian pro- 
tection device is operated. 

[0019] In the above-described collision detector for an 
unmanned carrier, the means for detecting the collision 
replaces the deformation of the tube into which fluid is 
sealed with the change of pressure. This poses a prob- 
lem in that what body is collided cannot be judged 
though there is a difference depending on a degree of 
collision. 

[0020] Particularly, in the case where a pressure 
switch is used as in the embodiment, the body cannot 
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be detected unless it is deformed over the wide range 
and to some extent, and it is not completely possible to 
determine what is collided. In the case of the unmanned 
carrier which runs at low speeds, this will suffice, but in 
the vehicles such as an automobile which runs on the 
road at various speeds, it is necessary to vary how to 
operate the protective device according to the object to 
be collided. 

[0021] When a fluid is merely sealed, the tube T ex- 
pands and contracts due to the heat therearound in the 
normal state, whereby a pressure level is varied. There- 
fore, for detecting a fine pressure change, it is necessary 
to provide a control circuit capable of detecting the pres- 
sure change. However, the above-described conven- 
tional apparatus has no description therefor. Judging 
from the embodiments, a pressure level taking expan- 
sion and contraction due to heat into consideration is 
set, and judgement can be merely made whether or not 
a level exceeds the aforesaid pressure level. Therefore, 
it is difficult to detect the strength of collision which var- 
ies with the vehicle speed or the collision object. 
[0022] In the above-described conventional pedestri- 
an protective safety device, since the collision is detect- 
ed merely by the sensor S housed in the bumper portion 
BP, it poses a problem in that the safety device is to op- 
erate not only at the time of collision with the pedestrian 
but also at the time of collision with the vehicle. 
[0023] In the above-described conventional hood air 
bag sensor system, since the collision with the pedes- 
trian is not judged unless both the bumper sensor S and 
the hood sensor FS are turned ON, the judgement of 
the collision cannot be made till at least the pedestrian 
collides with the hood. Therefore, there is no time to 
spare for operating the pedestrian protective device, this 
posing a problem in that a protective device which re- 
sponds at high speeds is desired. 
[0024] Further, there is a possibility of posing a prob- 
lem in that even in the case where the vehicle collides 
with trees or the like so that the trees are broken and 
fallen on the hood sensor, a signal similar to that in the 
case of a pedestrian is output. 
[0025] In other conventional occupant protective de- 
vices, a threshold is set to a fixed acceleration level in 
order to prevent the erroneous operation. Thereby, a rel- 
atively small acceleration as in the collision with the pe- 
destrian is less than the threshold, and there is a possi- 
bility that in the collision between the pedestrian and the 
vehicle at middle and low speeds, particularly, at a low 
speed, information capable of judging the collision with 
the pedestrian cannot be obtained. 
[0026] In the above-described hood air bag sensor 
system and method, when signals are detected first by 
the bumper sensor S and next by the hood sensor F, in 
said order, the collision body is judged to be a pedestrian 
so that an air bag G on the bonnet is developed. How- 
ever, there is a problem in that in the case where the 
pedestrian perceives a danger of collision and tries to 
avoid the collision, the pedestrian instantaneously acts 
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to restrain the vehicle by hands. In such a case, the 
hands and bonnet first come in contact, after which the 
lower limbs come in contact with the bumper. As a result, 
the contact of the pedestrian with the vehicle sometimes 
does not result in the development of the air bag G. 
[0027] Further, in some case, both the bonnet portion 
and the bumper portion come in instantaneous contact 
with a pedestrian irrespective of the pedestrian's con- 
sciousness depending on the vehicle-body condition 
and vehicle-speed conditions. Analyzing in more detail 
the contact order of the running vehicle with the pedes- 
trian, this does not always occur in the order of the 
bumper and the hood as assumed in the above-de- 
scribed conventional apparatus and method but its or- 
der sometimes changes depending on the conscious 
conditions of the pedestrian or the vehicle body and ve- 
hicle speed conditions, etc. Since the definite discrimi- 
nation between the pedestrian and those other than the 
pedestrian cannot be made, which poses a problem in 
that the pedestrian is possibly erroneous decided to be 
those other than the pedestrian. There is a further prob- 
lem in that it requires time till detection by the hood sen- 
sor so that a small power protective device is delayed 
in operation. 

[0028] Further, even if judgement could be made that 
the collision object is a person or a vehicle, it is not pos- 
sible to judge at which position the pedestrian collides, 
or the front collision or the offset collision of the vehicle, 
in the case where the vehicle bumps into the rear of a 
truck, an erroneous judgement possibly occurs. 
[0029] Furthermore, the above-described conven- 
tional occupant protecting apparatus is constituted on 
the assumption that a sensor for detecting collision is 
properly operated even at the time of collision. However, 
there is a problem in that actually, a part of a sensor is 
damaged due to the collision so that the sensor is not 
properly operated, as the case may be. 
[0030] In the conventional pedestrian sensing device, 
the detected time period exceeding the threshold level 
is compared with the reference time period, an ampli- 
tude of the detected signal is not checked in order to 
check the collision strength. 

[0031 ] Accordingly the conventional pedestrian sens- 
ing device cannot presume accurately the collision ob- 
jects such as vehicle, fixed object and pedestrian. 

SUMMARY OF THE INVENTION 

[0032] It is a general object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles enabling a prediction of the collision object, that is, 
the discrimination between the collision with the pedes- 
trian and the collision with the vehicle or other obstacles. 
[0033] It is a more specific object of the present inven- 
tion to provide a collision discriminating apparatus for 
vehicles wherein the deformed amount of a collided por- 
tion deformed by the collision of the collision object 
against the vehicle is detected, and the collision object 



6 

which comes in collision with the vehicle is presumed 
on the basis of the deformed amount of the collided por- 
tion detected and the vehicle speed of the vehicle before 
or when the vehicle collided. 

s [0034] It is another object of the present invention to 
provide a collision discriminating apparatus positively 
discriminating whether or not the collision object is a pe- 
destrian or those other than the pedestrian to enable se- 
lection of operation for a pedestrian protection or an oc- 

10 cupant protection. 

[0035] It is still another object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles comprising a collision object presuming means for 
presuming a collision object on the basis of an output 

15 signal from a collision detection means for detecting col- 
lision from deformation of the collided surface of the ve- 
hicle, wherein the change in electrostatic capacity as a 
result of collision between opposed electrodes disposed 
at a suitable distance on or within said collided surface 

20 and a dielectric comprising an elastic substance inter- 
posed between said opposed electrodes is detected 
and compared with data on a map prepared and stored 
for every vehicle speed in advance to determine the col- 
lision object from the strength of collision. 

25 [0036] It is a still further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles in which pressure of a incompressive fluid within a 
chamber of a detection portion mounted on a part of the 
vehicle when collided with the collision object is detect- 

30 ed, and the collision object is presumed by a rising pat- 
tern of a pressure waveform caused by the collision of 
the collision object on the basis of a pressure signal in 
the chamber according to the collision with the collision 
object. 

35 [0037] It is a yet further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles wherein a portion to be positively broken by the col- 
lision between the vehicle and the collision object is pre- 
pared in advance to presume the collision object from 

40 how the portion is broken (quantities and shapes). 
[0038] It is a yet further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles in which the change of a connection in an electric 
circuit network disposed on a part of the vehicle corre- 

45 sponding to the deformed amount of a collided portion 
deformed according to the size and the shape of the col- 
lision object caused by the collision of the collision object 
against said vehicle is detected as an electrical signal; 
and the size and the shape of the collision object collided 

50 against the vehicle is presumed on the basis of the 
change amount of the electric signal corresponding to 
the deformed amount of a collided portion detected to 
thereby presume the collision object. 
[0039] It is an object of the present invention to pro- 

55 vide a collision discriminating apparatus for vehicles 
comprising: a collision detection means mounted on a 
part of a vehicle to detect a deformed amount of a col- 
lided portion deformed by collision of a collision object 
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against the vehicle; and a collision object presuming 

means for presuming the collision object collided 

against the vehicle on the basis of the deformed amount 

of the collided portion detected. 

[0040] It is another object of the present invention to 

provide a collision discriminating apparatus for vehicles 

wherein 

the collision object presuming means comprises 
means for presuming the collision object based on a 
time variation (a variation per unit time) of the deformed 
amount. 

[0041] It is a further object of the present invention to 
provide a collision discriminating apparatus for vehicles 
comprising: a collision detection means mounted on a 
part of a vehicle to detect a deformed amount of a col- 
lided portion deformed by collision of a collision object 
against the vehicle; anda collision object presuming 
means for presuming the collision object collided 
against the vehicle on the basis of the deformed amount 
of the collided portion detected, and a vehicle speed be- 
fore or when the vehicle collided. 
[0042] It is a still further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles wherein the collision object presuming means com- 
prises a means for presuming the collision object by 
comparing a time variation of the deformed amount with 
judgement reference data stored in advance. 
[0043] It is a yet further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles comprising: a collision detection means for detect- 
ing collision from deformation of a collided surface of a 
vehicle; and a collision object presuming means for pre- 
suming a collision object on the basis of an output signal 
from the collision detection means, wherein the collision 
detection means comprises an electrostatic capacity 
type collision detecting sensor for detecting the change 
in electrostatic capacity caused by the collision to output 
an electric signal, and including opposed electrodes dis- 
posed at a suitable distance on or within the collided 
surface and an elastic substance as a dielectric inter- 
posed between the opposed electrodes; and the colli- 
sion object presuming means comprises a judgement 
means for judging the collision object from a time vari- 
ation (a variation per unit time) of the electric signal, that 
is, from the strength of the collision by comparing the 
electric signal from the collision detection means with 
data on a map prepared and stored for vehicle speed in 
advance. 

[0044] It is a yet further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles wherein the collision detection means further com- 
prises an electrostatic capacity detection circuit for de- 
tecting a floating capacity generated between one of the 
opposed electrodes and a pedestrian; and the collision 
object presuming means further comprises a discrimi- 
nating means for discriminating between the pedestrian 
and an obstacle by comparing an output value of the 
floating capacity from the electrostatic capacity detec- 



8 

tion circuit with a threshold before the pedestrian or the 
obstacle comes into collision with the collided surface. 
[0045] It is another object of the present invention to 
provide a collision discriminating apparatus for vehicles 

s comprising: a pressure detection means which compris- 
es a detection portion mounted on a part of a vehicle 
and a chamber into which an tncompressive fluid is 
sealed and being deformable according to a collision 
against a collision object, and detects pressure within 

10 the chamber at the time of the collision to output a pres- 
sure signal; and a collision object presuming means for 
presuming the collision object from a rising pattern of a 
pressure waveform caused by the collision on the basis 
of the pressure signal corresponding to the collision out- 

is put by the pressure detection means. 

[0046] It is a further object of the present invention to 
provide a collision discriminating apparatus for vehicles 
wherein the detection portion comprises a vehicle body 
side member formed from a hard material and a surface 

20 side member formed from a soft material, and the cham- 
ber is formed within the surface side member. 
[0047] It is a still further object of the present invention 
to provide a collision discriminating apparatus for vehi- 
cles comprising: a collision detection means which com- 

25 prises an electric circuit network disposed on a part of 
a vehicle and detects, as a change of an electric signal, 
a change of a connection in the electric circuit network 
corresponding to a deformed amount of a collided por- 
tion deformed by a collision of a collision object against 

30 the vehicle and according to a size and a shape of the 
collision object; and a collision object presuming means 
for presuming the collision object by presuming the size 
and the shape of the collision object on the basis of the 
change amount of the electric signal corresponding to 

35 the deformed amount of the collided portion detected. 
[0048] It is a further object of the present invention to 
provide a pedestrian collision discriminating apparatus 
wherein the electric circuit network of the collision de- 
tection means comprises a wiring disposed on a part of 

40 the vehicle, a part of the wiring disposed on the collided 
portion is constituted to be cut, in response to the colli- 
sion and the cutting of the wiring in the collided portion 
is detected as a change of a voltage signal. 
[0049] According to the present invention, a collision 

is detection means mounted on a part of a vehicle detects 
a deformed amount of a collided portion deformed by 
collision of a collision object against the vehicle; and a 
collision object presuming means presumes the colli- 
sion object collided against the vehicle on the basis of 

so the deformed amount of the collided portion detected, 
and the vehicle speed when the vehicle collided. This 
exhibits the effect of enabling the presumption of the col- 
lision object, that is, the discrimination between the col- 
lision with the pedestrian and the collision with the ve- 

55 hide or other. 

[0050] According to the present invention, the colli- 
sion object presuming means presumes the collision ob- 
ject by comparing a time variation (a variation per unit 
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time) of said deformed amount with judgement refer- 
ence data stored in advance. This exhibits the effect of 
capable of more accurately performing the presumption 
of the collision object, in addition to the operation and 
effect of the intention. 

[0051] According to the present invention, the electro- 
static capacity type collision detection sensor constitut- 
ing the collision detection means detect the change in 
electrostatic capacity resulting from the collision by op- 
posed electrodes disposed with a suitable distance ther- 
ebetween on or within said collided surface and an elas- 
tic substance as a dielectric interposed between the op- 
posed electrodes to output an electric signal, and the 
judgement means constituting the collision object pre- 
suming means compares the electric signal from the col- 
lision detection means with data on a map prepared and 
stored for every vehicle speed in advance to thereby 
judge the collision object from the strength of the colli- 
sion. 

[0052] According to the present invention, the change 
in electrostatic capacity resulting from the collision is de- 
tected by the opposed electrodes disposed at fixed in- 
tervals on the collided surface and an elastic substance 
as a dielectric interposed between the opposed elec- 
trodes to output an electric signal, and the judgement 
means compares the output electric signal with data on 
a map prepared and stored for every vehicle speed in 
advance to thereby judge the collision object from the 
strength of the collision. This exhibits the effect of pos- 
itively discriminating whether or not the collision object 
is a pedestrian or those other than the pedestrian and 
enabling the selection of operation of pedestrian protec- 
tion or occupant protection. 

[0053] According to the present invention, the electro- 
static capacity detection circuit constituting the collision 
detection means detects, prior to the collision, a floating 
capacity generated between one of the opposed elec- 
trodes of the electrostatic capacity type collision detec- 
tion sensor and a pedestrian, and the discriminating 
means compares the output value of the floating capac- 
ity from the electrostatic capacity detection circuit with 
the threshold before the pedestrian or the obstacle 
comes into collision with the collided surface of said col- 
lision detection means to discriminate a pedestrian from 
the obstacle. 

[0054] According to the present invention, the electro- 
static capacity detection circuit detects, prior to the col- 
lision, a floating capacity generated between one of the 
opposed electrodes of the electrostatic capacity type 
collision detection sensor and a pedestrian, and the dis- 
criminating means compares the output value of the 
floating capacity from the electrostatic capacity detec- 
tion circuit with the threshold before the pedestrian or 
the obstacle comes into collision with the collided sur- 
face of said collision detection means to discriminate a 
person from the obstacle. This exhibits the effect of en- 
abling the discrimination between a person and the ob- 
stacle prior to collision. 
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[0055] According to the present invention, the deform- 
able chamber formed on the detection portion mounted 
on a part of the vehicle and into which a incompressive 
fluid is sealed is deformed according to the collision 

5 against a collision object, and the pressure detection 
means detects pressure within the chamber at the time 
of collision with said collision object and outputs a pres- 
sure signal; and a collision object presuming means pre- 
sumes the collision object by a rising pattern of a pres- 
to sure waveform caused by the collision of said collision 
object on the basis of the pressure signal according to 
the collision with said collision object output by the pres- 
sure detection means. This exhibits the effect of ena- 
bling the presumption of the collision object, that is, the 

1$ discrimination between the collision with a pedestrian 
and the collision with the vehicle. 
[0056] According to the present invention, the vehicle 
body side member of the detection portion mounted on 
a part of the vehicle is formed from a hard material, the 

20 surface side member of the detection portion is formed 
from a soft material, and said chamber is formed in said 
surface side member so that the chamber is deformed 
according to the collision object and the strength of the 
collision. This exhibits the effect that the pressure de- 

25 tection means accurately detects the pressure in the 
chamber at the time of collision with the collision object 
to enable the accurate presumption of the collision ob- 
ject, that is, the positive discrimination between the col- 
lision with a pedestrian and the collision with the vehicle. 

30 [0057] According to the present invention, the colli- 
sion detection means detects, as a change of an electric 
signal, the change of a connection in the electric circuit 
network disposed on a part of the vehicle corresponding 
to the deformed amount of a collided portion deformed 

35 by the col lision of the collision object against said vehicle 
and according to the size and the shape of the collision 
object; and the collision object presuming means pre- 
sumes the collision object by presuming the size and 
the shape of the collision object collided against the ve- 

40 hide on the basis of the change amount of the electric 
signal corresponding to the deformed amount of a col- 
lided portion detected. This exhibits the effect to enable 
the presumption of the collision object, that is, the dis- 
crimination between the collision with a pedestrian and 

45 the collision with the vehicle or other obstacles. 

[0058] According to the present invention, the cutting 
of the wiring constituting the electric circuit network dis- 
posed in the collided part of the vehicle against which 
collision object collided is detected as a change of a volt- 

50 age signal. This exhibits the effect that the size and the 
shape of the collision object is positively presumed by 
a simple sensor to thereby enable positively presuming 
the collision with a pedestrian, vehicles and other obsta- 
cles. 

ss 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0059] 

FIG. 1 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
first aspect and a first embodiment of the present 
invention; 

FIGS.2A and 2B are sectional views in different sec- 
tion showing a collision detection means according 
to the first aspect and the first embodiment; 
FIGS. 3A and 3B are sectional views showing a col- 
lision state of a vehicle and a pedestrian in the col- 
lision detection means according to the first aspect 
and the first embodiment, and FIG.3C is a diagram 
showing output waveforms thereof; 
FIG. 4 is a flow view showing an algorism in the 
comparison means and the judgement means ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 5 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
second embodiment of the present invention; 
FIGS. 6A and 6B are sectional views in different 
section showing a collision detection means ac- 
cording to the second embodiment; 
FIG. 7 is a diagram showing output waveforms of 
the first and second collision detection means ac- 
cording to the second embodiment; 
FIG. 8 is a flow view showing an algorism in the 
comparison means and the judgement means ac- 
cording to the second embodiment of the present 
invention; 

FIG. 9 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
third embodiment of the present invention; 
FIG. 10 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
fourth embodiment of the present invention; 
FIGS. 11 A and 11 B are sectional views in different 
section showing a plurality of collision detection 
means according to the fourth embodiment; 
FIG. 12 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
second aspect and a fifth embodiment of the 
present invention; 

FIG. 13 is a block diagram showing a collision de- 
tection means of the collision discriminating appa- 
ratus for vehicles according to the fifth embodiment; 
FIGS. 1 4A and 1 4B are diagrams showing an output 
example of the fifth embodiment; 
FIG. 15 is chart showing a judgement algorism ac- 
cording to the fifth embodiment; 
FIG. 1 6 is a sectional view showing an arrangement 
in a bumper of the collision detection portion ac- 
cording to the fifth embodiment; 
FIG. 17 is a cross sectional view showing an ar- 
rangement in a bumper of the collision detection 



portion according to the fifth embodiment; 
FIG. 18A is a sectional view showing an arrange- 
ment in a bumper of a collision detection portion in 
a collision discriminating apparatus for vehicles ac- 

s cording to a sixth embodiment, and FIG.18B is a 
matrix view showing a relationship between outputs 
of the first and second collision detection means, a 
collision position and a collision object; 
FIG. 1 9 is chart showing an judgement algorism ac- 

io cording to the sixth embodiment; 

FIGS. 20 A and 20 B are diagrams showing an output 
example of the sixth embodiment; 
FIGS. 21 A and 21 B are a vertical sectional view and 
a horizontal sectional view respectively showing an 

is arrangement in a bumper of a collision detection 
portion in a collision discriminating apparatus for ve- 
hicles according to a seventh embodiment; 
FIG. 22 is a matrix view showing a relationship be- 
tween outputs of the first and second collision de- 

20 tection means, a collision position and a collision 
object acceding to the seventh embodiment; 
FIG. 23 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to the 
eighth embodiment: 

25 FIG. 24 is a circuit view showing a circuit constitut- 
ing an electrostatic capacity detection circuit ac- 
cording to the eighth embodiment and a time chart 
showing signal waveforms; 
FIG. 25 is chart showing a judgement algorism ac- 

30 cording to the eighth embodiment; 

FIG. 26 is chart showing a judgement algorism ac- 
cording to a modification of the eighth embodiment; 
FIG. 27 is an explanatory view showing a collision 
discriminating apparatus for vehicles according to 

35 a third aspect and a ninth embodiment; 

FIG. 28 is chart showing a judgement algorism ac- 
cording to the ninth embodiment; 
FIG. 29 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 

40 tenth embodiment; 

FIG. 30 is a sectional view in section taken on line 
A-Aof FIG. 32 showing a collision detection means 
according to the tenth embodiment; 
FIG. 31 is a sectional view in section taken on line 

45 B-B of FIG. 32 showing a collision detection means 
according to the tenth embodiment; 
FIG. 32 is a sectional view showing the collision de- 
tection means extending over the entire bumper ac- 
cording to the tenth embodiment; 

so FIG. 33 is chart showing a judgement algorism ac- 
cording to the tenth embodiment; 
FIG. 34 is a diagram showing output waveforms of 
a typical collided body according to the tenth em- 
bodiment; 

55 FIG. 35 is a diagram showing output waveforms of 
an elongated collided body according to the tenth 
embodiment; 

FIG. 36 is a sectional view showing an arrangement 
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of a pressure sensor of a collision detection means 

in a collision discriminating apparatus for vehicles 

according to an eleventh embodiment; 

FIG. 37 is a sectbnal view showing a modification 

of a sensor arrangement according to the eleventh 5 

embodiment; 

FIG. 38 is a sectional view taken on line abed of 
FIG. 37 in a modification of according to eleventh 
embodiment; 

FIG. 39 is a sectional view showing a modification 10 
of the collision detection means according to the 
eleventh embodiment; 

FIG. 40 is a sectional view showing a modification 
of the collision detection means extending over the 
entire bumper according to the eleventh embodi- is 
ment; 

FIG. 41 is a diagram showing output waveforms at 
the time of collision with a vehicle having uneven- 
ness on the collision surface according to the elev- 
enth embodiment; 20 
FIG. 42 is a diagram showing output waveforms at 
the time of collision with a pedestrian according to 
the eleventh embodiment; 
FIG. 43 is chart showing an judgement algorism of 
a modification according to the eleventh embodi- 25 
ment; 

FIG. 44 is a sectional view showing an arrangement 
of a pressure sensor of a collision detection means 
in a collision discriminating apparatus for vehicles 
according to a twelfth embodiment; 30 
FIG. 45 is a block diagram showing a collision dis- 
criminating apparatus for vehicles according to a 
thirteenth embodiment; 

FIG. 46 is chart showing an judgement algorism of 
a modification according to the thirteenth embodi- 35 
ment; 

FIG. 47 is a block diagram showing the entirety of 
a pedestrian collision discriminating apparatus ac- 
cording to a fourteenth embodiment; 
FIG. 48 is a side view of the front of a vehicle and *o 
an enlarged sectional view showing a mounting 
state of the collision detection means onto the 
bumper according to the fourteenth embodiment; 
FIG. 49 is a perspective view showing an example 
in which a cutting member and a guide are consti- 45 
tuted by a cylindrical member according to the four- 
teenth embodiment; 

FIG. 50 is a perspective view showing an example 
in which a cutting member and a guide are consti- 
tuted by a rectangular member according to the so 
fourteenth embodiment; 

FIG. 51 is a circuit view showing the details of an 
electric circuit network according to the fourteenth 
embodiment; 

FIG. 52 is a chart showing the processing proce- ss 
dure of collision object presumption according to 
the fourteenth embodiment; 
FIG. 53 is a diagram showing an addition circuit out- 
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put every collision object according to the four- 
teenth embodiment; 

FIG. 54 is a diagram showing a relationship with an 
addition circuit output in a cut state of a conductive 
wire coated with insulator according to the four- 
teenth embodiment; 

FIG. 55 is an enlarged sectional view showing a col- 
lision detection means in a pedestrian collision dis- 
criminating apparatus according to a fifteenth em- 
bodiment; 

FIG. 56 is a plan view showing a collision detection 
means according to the fifteenth embodiment; 
FIG. 57 is a diagram showing a non-linear charac- 
teristics of an elastic member of the collision detec- 
tion means according fifteenth embodiment; 
FIG. 58 is a fragmentary sectional view showing the 
applying form of the collision detection means in a 
pedestrian collision discriminating apparatus ac- 
cording to a sixteenth embodiment to a bumper and 
a bonnet; 

FIG. 59 is a fragmentary enlarged sectbnal view 
showing a bonnet mounting member juxaposed to 
the bonnet according to the sixteenth embodiment; 
FIG. 60 is a fragmentary enlarged sectional view for 
explaining the cutting of notches accompanied by 
the collision of the bonnet mounting member ac- 
cording to the sixteenth embodiment; 
FIG. 61 is a fragmentary sectional view showing the 
applying form of the collision detection means in a 
pedestrian collision discriminating apparatus ac- 
cording to the seventeenth embodiment to the inner 
surface of a door; 

FIG. 62 is a fragmentary enlarged perspective view 
showing a relationship between a door mounting 
member, a shield restricting member and a conduc- 
tive wire coated with insulator according to the sev- 
enteenth embodiment; 

FIG. 63 is a chart showing the processing proce- 
dure for collision object presumption of the front col- 
lision and the side collision according to the seven- 
teenth embodiment; 

FIG. 64 is a perspective view showing the disposi- 
tion form of a collision detection means in a pedes- 
trian collision discriminating apparatus according to 
an eighteenth embodiment into a bumper, a frag- 
mentary enlarged perspective view and a fragmen- 
tary plan view showing the disposition form of an 
moving member; 

FIG. 65 is a perspective view showing the disposi- 
tion form of a collision detection means in a pedes- 
trian collision discriminating apparatus according to 
a nineteenth embodiment into a bumper, a fragmen- 
tary enlarged perspective view and a fragmentary 
plan view showing the disposition form of an moving 
member; 

FIG. 66 is a perspective view showing the disposi- 
tion form of a collision detection means in a pedes- 
trian collision discriminating apparatus according to 
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a twentieth embodiment into a bumper, and a frag- 
mentary enlarged perspective view showing the 
disposition form of an moving member; 
FIG. 67 is a perspective view showing the disposi- 
tion form of a collision detection means in a pedes- 
trian collision discriminating apparatus according to 
a twenty-first embodiment into a bumper; 
FIG. 68 is a fragmentary enlarged perspective view 
showing the disposition form of an moving member 
according to the twenty-first embodiment; 
FIG. 69 is a fragmentary enlarged perspective view 
showing the disposition form prior to collision of an 
moving member of a collision detection means in a 
pedestrian collision discriminating apparatus ac- 
cording to a twenty-second embodiment; 
FIG. 70 is a fragmentary enlarged perspective view 
showing the disposition form after collision of the 
moving member according to a twenty-second em- 
bodiment; 

FIG. 71 is a sectional view showing the engaging 
relationship of two trapezoidal sheet members con- 
stituting the moving member according to a twenty- 
second embodiment; 

FIG. 72 is a sectional view showing a conventional 
collision detection device of an unmanned carrier; 
FIG. 73 is a fragmentary side view showing a con- 
ventional pedestrian protective safety device; 
FIG. 74 is a fragmentary side view showing a con- 
ventional hood air bag sensor system; 
FIG. 75 is an explanatory view explaining a conven- 
tional pedestrian discriminating apparatus for vehi- 
cles; 

FIG. 76 is a developed sectional view showing a col- 
lision detection switch of a conventional occupant 
protective device for vehicles; and 
FIG. 77 is a fragmentary perspective view showing 
a conventional vehicle collision sensor for sensing 
breakage. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] Various aspects of the present invention will 
now be explained with reference to the drawings. 
[0061] The collision discriminating apparatus for ve- 
hicles according to a first aspect of the invention de- 
scribed in Claim 1 will be explained with reference to 
FIGS. 1 to 3. 

[0062] The collision discriminating apparatus for ve- 
hicles according to a first aspect is applied to the vehicle 
having either occupant protective device or a pedestrian 
protective device, or both of these devices. The collision 
discriminating apparatus comprises, in the collision of 
the vehicle with a pedestrian or other obstacles, a colli- 
sion detection means 1 for detecting collision, and a col- 
lision-state presuming means 2 for presuming informa- 
tion or against what collided from the vehicle speed in 
addition to the information, as shown in FIG. 1. 
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[0063] The collision detection means 1 is sometimes 
mounted not only on the front portion of the vehicle, but 
in the case where an occupant protective device for rear 
collision is mounted, on the rear portion of the vehicle, 
5 and in the case where an occupant protective device for 
side collision is mounted, on the side of the vehicle. Fur- 
ther, the operation selection means is not necessary in 
the case where one protective device is provided, or if 
the protective device has function capable of judging in- 
fo formation of the collision discriminating apparatus. 
[0064] The collision detection means 1 is mounted on 
the front portion or the rear portion or the side portion of 
the vehicle to detect the size of those portions deformed 
(deformed amount) according to the collision load gen- 
15 erated by collision. For example, the deformation of a 
bumper widthwise is not uniform depending on the col- 
lision conditions. The collision detection means 1 is to 
detect the deformation that is not uniform as an average 
deformation. 

20 [0065] The collision detection means 1 is a bumper 
collision deformation measuring type collision detection 
sensor from which is output an electric signal obtained 
by integrating a collision load, that is, a deformation 
force per unit width generated by collision with the width 

25 exerted by the collided body on the vehicle. This meas- 
ures the deformation of the bumper over a major portion 
of the width. The detection methods that can be used 
include measurements of physical amounts such as flu- 
id pressure, electrostatic capacity, displacement, mag- 

30 netic strength, and electric resistance. 

[0066] The collision state presuming means 2 quan- 
titatively extracts characteristics of the magnitude and 
the change by the time of an electric signal from the col- 
lision detection means 1 to compare the characteristic 

35 value thereof with judgement reference data prepared 
in advance to judge what collided is. The collision state 
presuming means 2 comprises a first memory means 
21 for storing input signals subjected to sampling at fixed 
time intervals, a second memory means 22 for storing 

40 judgement reference data for judging collision bodies 
every vehicle speed, and a comparison means 23 for 
ranking the strength of collision on the basis of data of 
these memory means. 

[0067] The judgement reference data are used tocon- 
45 sider that in the case where collision is made with a pe- 
destrian, the deformed amount of the bumper is different 
with the vehicle speed, and the higher the vehicle speed, 
it deeply bites into. That is, since the output of the colli- 
sion detection means 1 increases as the deformation 
50 increases, the judgement reference data are deter- 
mined so that output levels at the time of collision with 
a pedestrian are preexamined every vehicle speed by 
a dummy test or the like, and the collision with a pedes- 
trian can be distinguished form the collision with the ve- 
55 hide referring to the output levels. The collided bodies 
and the collision state are judged by a judgment means 
24 on the basis of comparison results by the comparison 
means 23 in accordance with the vehicle speed detect- 
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ed by a vehicle speed sensor 3. 
[0068] An operation selection means 4 is a selection 
means for deciding, in the case of a plurality of protective 
devices, which protective device should be operated, 
and is provided at the rear of the collision state presum- 
ing means 2. The protective device protects an occu- 
pant and a pedestrian simultaneously, or protects either 
of them. A pedestrian protective device 8 is an air bag 
on the bonnet, or the bonnet is raised a fixed amount to 
absorb shocks of a head, a chest and the like of a pe- 
destrian subjected to collision and protect them. An oc- 
cupant protective device 6 is an air bag on a steering or 
a dashboard or on the occupant side. 
[0069] The collision discriminating apparatus for ve- 
hicles according to a first aspect constructed and oper- 
ated as described above presumes the collision object 
collided with the vehicle on the basis of the deformed 
amount of the collided portion detected and the vehicle 
speed at the time of collision with the vehicle detected. 
This exhibits the effect of enabling the presumption of 
the collision object, that is, the distinction between the 
collision with a pedestrian, the collision with the vehicle, 
and the collision with other obstacles, and enabling the 
operation of the protective device corresponding there- 
to. 

[0070] A collision discriminating apparatus for vehi- 
cles according to a second aspect of the invention de- 
scribed in Claim 3 comprises, as shown in FIGS. 12 and 
13, a collision detection means 1 for detecting collision 
from deformation of the collided surface 10 of the vehi- 
cle, and a collision object presuming means 2 for pre- 
suming a collision object on the basis of an output signal 
from the collision detection means 1 , wherein the colli- 
sion detection means 1 comprises a sensor portion 14 
constituted by a dielectric 1 3 comprising opposed elec- 
trodes 11 E and 12E disposed at fixed intervals on the 
collided surface and an elastic substance interposed be- 
tween the opposed electrodes, and an electrostatic ca- 
pacity type collision detecting circuit for detecting the 
change in electrostatic capacity caused by the collision 
to output an electric signal; and the collision object pre- 
suming means 2 comprises a judgement means 24 for 
judging the collision object from the change by the time 
of the electric signal, that is, from the strength of the col- 
lision by comparing the electric signal from said collision 
detection means 1 with data on a map prepared at every 
vehicle speed in advance and stored. 
[0071] The collision detection means 1 comprises, as 
shown in FIG. 13, one or more electrostatic capacity 
type collision detection sensor portions 14 inserted into 
a bumper 100 of the vehicle or mounted on the collided 
surface 10 of the bumper 100 and constituted by two 
opposed electrodes 11 E and 12E disposed at fixed in- 
tervals and a dielectric 1 3 interposed therebetween, and 
an integral or separately provided electrostatic capacity 
detection circuit 15. 

[0072] The opposed electrodes 1 1 E and 1 2E are pref- 
erably not resist to expansion and contraction of the di- 



electric 1 3. The dielectric 1 3 is formed of an elastic sub- 
stance having a moderate elasticity, preferably rubber 
having a high permittivity such as acrylonitrilebutadiene 
rubber. 

s [0073] In the electrostatic capacity detection circuit 
15, methods for converting the electrostatic capacity 
value for detection of electrostatic capacity that can be 
employed include a method for converting into frequen- 
cy, a method for converting into phase, and the like. 
[0074] The collision object presuming means 2 com- 
pares an electric signal from the collision detection 
means I with data on a map prepared in advance every 
vehicle speed to discriminate the strength of collision 
and judge what collided is, and comprises a first memory 
means 21 for storing electrostatic capacity signal volt- 
ages subjected to sampling, a second memory means 
22 for storing a threshold every vehicle speed and a ref- 
erence value for discriminating the strength of collision, 
a comparison means 23 for comparing an input signal 
of the first memory means 21 with comparison data of 
the second memory means 22 to judge the strength of 
collision, and a judgement means 24 for discriminating 
a collided body from the strength of collision to judge 
and decide an operating signal of a protective device 6 
to be operated. 

[0075] The judgement means 24 constituting the col- 
lision object presuming means 2 is provided with an op- 
eration selection means for judging pedestrian protec- 
tion for operating an air bag for protecting pedestrian 
through a pedestrian protection control means from an 
output signal thereof, or occupant protection for operat- 
ing an air bag for protecting an occupant in a compart- 
ment. 

[0076] The collision discriminating apparatus for ve- 
hicles according to a second aspect constructed as de- 
scribed above integrates an output of electrostatic ca- 
pacity from the collision detection means 1 for a fixed 
time to judge the collision in the case where said value 
exceeds the threshold, as shown in FIG. 15. This exhib- 
its the effect capable of preventing an error in the case 
where noises are included in the output, and preventing 
erroneous operation of various protective devices. 
[0077] An analog operation section for obtaining the 
rate of output change (Y) of electrostatic capacity is add- 
ed to the collision detection means 1 or a digital opera- 
tion section for obtaining the rate of output change is 
added to the collision object presuming means 2 so that 
the evaluation time width (At) is decided according to 
the magnitude of the rate of output change. Therefore, 
the greater the output change, the evaluation time width 
is shortened and the operating decision to various pro- 
tective devices are quickened. (FIGS. 23, 25) 
[0078] Whether or not the magnitude of the change 
rate (Y) of electrostatic capacity at the time (T1) after 
the fixed evaluation time width (At) exceeds on the basis 
of the rate of output change of the electrostatic capacity 
judges a pedestrian or an elongated fixed body such as 
a support column as shown in FIGS. 1 4A and 1 4B there- 
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by the pedestrian judges it the elongated fixed body or 
not, thus enhancing the judgement accuracy with re- 
spect to the elongated collision body. 
[0079] The collision discriminating apparatus accord- 
ing to a third aspect of the invention described in Claim s 
4 is different from the former in that a second electro- 
static capacity detection circuit 16 for detecting a float- 
ing capacity prior to collision and a judgement means 
26 for discriminating a person from a thing according to 
whether or not an output value of the floating capacity m> 
exceeds the threshold. The difference will be mainly ex- 
plained in the following. 

[0080] The collision detection means 1 has an elec- 
trostatic capacity detection circuit 16 added thereto for 
detecting a floating capacity generated between one 15 
electrode 11 E on the front side of the vehicle of the elec- 
trostatic capacity type collision detection sensor section 
1 4 and a pedestrian. 

[0081] The collision object presuming means 2 is con- 
stituted by a judgement means 26 for discriminating a 20 
person from a thing according to whether or not an out- 
put value of the floating capacity exceeds the threshold 
before a pedestrian or an obstacle comes into collision 
with the collision detection sensor section 14 in order to 
prevent erroneous operation of the protective device for 25 
an occupant or a pedestrian. (FIGS. 27, 28) 
[0082] In the collision discriminating apparatus for ve- 
hicles according to a third aspect described as above, 
the electrostatic capacity detection circuit detects, prior 
to collision, a floating capacity generated between one 30 
electrode of the electrostatic capacity type collision de- 
tection sensor section and a pedestrian, and judgement 
means compares, before a pedestrian or an obstacle 
comes into collision with the collided surface of the col- 
lision detection means, the output value of the floating 3S 
capacity from the electrostatic capacity detection circuit 
with the threshold to discriminate a person from an ob- 
stacle. This exhibits the effect of enabling the discrimi- 
nation between a person and an obstacle prior to colli- 
sion. 40 
[0083] The collision discriminating apparatus for ve- 
hicles according to a fourth aspect described in Claim 5 
comprises a collision detection means for detecting col- 
lision, in the collision between the vehicle and a pedes- 
trian or other obstacles, and a judgement means for pre- 
suming a collision object for predicting against what col- 
lided is from information therefrom. 
[0084] The collision detection means comprises an 
deformable tube having a little elongation inserted into 
a bumper or mounted on the collided surface of the so 
bumper, a fluid sealed into the tube, a pressure type col- 
lision detection sensor section constituted by a pressure 
sensor for detecting a change in pressure of the fluid 
sealed into the tube at the time of collision with the col- 
lision object, and an integral or separately provided am- ss 
plification circuit. 

[0085] The judgement means compares an electric 
signal from the collision detection means with data on a 
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map prepared in advance every relative speed of the 
vehicle speed and the collided body to judge what col- 
lided is. 

[0086] The judgement means comprises a first mem- 
ory means for storing a pressure signal voltage and a 
vehicle speed subjected to sampling, a second memory 
means for storing a threshold every relative speed be- 
tween the vehicle speed and the collided body and a 
reference value for discriminating the strength of colli- 
sion, a comparison means for comparing an input signal 
of the first memory means with the second memory 
means to decide the strength of collision, and a collision 
object presuming means for judging/deciding an oper- 
ating signal of a protective device to be operated pre- 
suming a collision object from the strength of collision. 
[0087] The judgement means is the device capable of 
including a further addition of an operation selection 
means for judging protection of a pedestrian or protec- 
tion of an occupant from a signal of the collision object 
presuming means. 

[0088] A pedestrian collision discriminating apparatus 
according to a fifth aspect described in Claim 7 compris- 
es a collision detection means for detecting a collision 
state from a broken state of an electric circuit network 
in the collision between the vehicle and a pedestrian or 
other obstacles, and a collision object presuming means 
for presuming a collision object on the basis of the bro- 
ken state which is detection information detected by the 
collision detection means. 

[0089] The collision detection means comprises a plu- 
rality of conductive wires coated with insulator forming 
an electric circuit network mounted on the vehicle, a volt- 
age applying circuit for applying a voltage to each of the 
conductive wires coated with insulator, and a voltage de- 
tection circuit for detecting the voltage applied to each 
of conductive wires coated with insulator. 
[0090] The collision object presuming means com- 
prises a collision object discriminating circuit for discrim- 
inating a collision object on the basis of a voltage of each 
of conductive wires coated with insulator (a broken state 
of the conductive wire) detected by the voltage detection 
circuit. 

[0091] The collision object discriminating circuit com- 
prises a comparison circuit for comparing an addition 
circuit for adding and outputting a voltage of each of con- 
ductive wires coated with insulator, an output of the ad- 
dition circuit with a preset reference voltage to output 
the compared result. 

[0092] A plurality of conductive wires coated with in- 
sulator of the collision detection means are arranged in 
the vicinity of an outer peripheral portion of the vehicle, 
and a voltage is applied to opposite ends of each of con- 
ductive wires coated with insulator by a voltage applying 
circuit. This voltage is detected by the voltage detection 
circuit and added in the addition circuit. 
[0093] Normally, the electric circuit network by the 
conductive wires coated with insulator is in the connect- 
ed state, and the addition result is a value corresponding 
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to the number of conductive wires coated with insulator. 
At the time of collision, the electric circuit network is bro- 
ken due to the shock, and the addition result is small 
according to a degree of breakage. 
[0094] That is, a degree of breakage of the electric 
circuit network is small in the case where a collision ob- 
ject is a pedestrian, and is large in the case of the vehi- 
cle. The change in addition result of the voltage at the 
time of collision is small in the case of a pedestrian and 
large in the case of the vehicle. By comparing the 
change in voltage with a prearranged value in the com- 
parison circuit, it is possible to discriminate a pedestrian 
form the vehicle, and it is possible to operate the pedes- 
trian protective device or the occupant protective device 
on the basis of the discrimination result. 

(First Embodiment) 

[0095] A collision discriminating apparatus for vehi- 
cles in a first embodiment according to a first aspect 
comprises, as shown in FIG. 1, a collision detection 
means 1 for detecting collision between the collision ob- 
ject and the vehicle, a collision state presuming means 
2 for predicting what is collided against the vehicle is 
from the detected collision information and the vehicle 
speed, and an operation selection means 4 for judging 
which one of a pedestrian protective device 8 and an 
occupant protective device 6 is operated from a signal 
of the collision state presuming means 2, or which one 
of protective devices is operated, in the vehicle having 
a plurality of occupant protective devices 6 and pedes- 
trian protective devices 8, to discriminate the collision 
between the vehicle and a pedestrian or other obsta- 
cles. 

[0096] The collision detection means 1 comprises a 
detection portion 1 1 and an amplification portion 1 2. The 
detection portion 11 is mounted in a bumper 100 provid- 
ed on the front portion of the vehicle to detect the mag- 
nitude of the collision load at that portion caused by the 
collision, that is, the deformation amount. 
[0097] The deformation of the bumper caused by the 
collision is not uniform depending on the state of colli- 
sion, for example, such as a head-on collision or an off- 
set collision with a vehicle, collision with elongated fixed 
obstacles such as a pole, a support pole and the like, 
and a pedestrian. The collision detection means 2 is 
means for detecting the deformation that is not uniform 
as an average deformation. 

[0098] The collision detection means 1 is a collision 
detection sensor from which is output an electric signal 
obtained by integrating a deformation force per unit 
width generated by the collision with the width in which 
the collided body exerted on the vehicle. This sensor 
measures deformation of the bumper over most part of 
the vehicle width. The detection methods are realized 
by measurement of various physical amounts such as 
electrostatic capacity, fluid pressure, magnetic strength, 
electric resistance, displacement of peripheral length 
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and the like. 

[0099] More specifically, a detection portion 11 of the 
collision detection means is embedded into a first shock 
absorbing member 111 made of shock absorbing mate- 

5 rial in the bumper 100 as shown in FIG. 2, and a second 
shock absorbing member 1 1 2 made of shock absorbing 
material is inserted between the first shock absorbing 
member 111 and a vehicle frame 103. 
[0100] The amplification portion 12 is provided inte- 

10 grally with the detection portion 11 , or provided within a 
compartment or a place corresponding thereto similar 
to the collision state presuming means 2 in order to pre- 
vent the breakage at the time of collision, and applies a 
voltage to the detection portion 11 and amplifies the de- 

15 formation amount detected. 

[0101] The collision state presuming means 2 com- 
pares the change by the time and the magnitude of an 
electric signal from the amplification portion 12 of the 
collision detection means 1 with judgement reference 

20 data prepared in advance to judge what is collided. 
[0102] The collision state presuming means 2 com- 
prises a first memory means 21 for storing an input sig- 
nal subjected to sampling at predetermined time inter- 
vals, a second memory means 22 for storing judgement 

25 reference data for comparison, a comparison means 23 
for ranking the strength of collision, and a judgement 
means 24 for presuming the collision object and select- 
ing a protective device and its operating mode. 
[0103] The operation select ton means 4 is selection 

30 means for deciding, in the case where a plurality of pro- 
tective devices or operating conditions are present, 
which protective device or operating condition is em- 
ployed for operation, the selection means being provid- 
ed at the rear of the collision state presuming means 2. 

35 This means is not necessary in the case where a signal 
of the collision detection means 1 can be discriminated 
by the protective device. 

[0104] The protective device protects an occupant 
and a pedestrian at the same time or either one of them. 

40 The pedestrian protective device 8 is a device which de- 
velops an air bag on the bonnet 101 to absorb shocks 
to a head and a chest of a pedestrian and protect them. 
The occupant protective device 6 is an air bag arranged 
on a steering or a dashboard (not shown) or on the oc- 

45 cupant side. 

[0105] The operation of the collision discriminating 
apparatus for vehicles according to the first embodiment 
constructed as described above will be described in de- 
tail hereinafter. 

50 [0106] The deformation of the front portion of the ve- 
hicle caused by the collision is detected by the collision 
detection means. The magnitude of the change in shape 
varies with the rigidity of the detection portion 11 and 
circumference of the detection portion, and the detec- 
ts tion sensitivity depends on the magnitude of the change 
in shape. 

[0107] One example of deformation of the detection 
means 1 caused by the collision between the vehicle 
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and a pedestrian is shown in FIGS. 3A through 3C. The 
first shock absorbing member 1 11 in which the detection 
means 1 is embedded is made of relatively soft foamed 
urethane which tends to be deformed even by collision 
of a pedestrian and which softens the shock exerted on 5 
legs of a pedestrian. Therefore, even when the legs of 
a pedestrian collide, some force is exerted on the colli- 
sion detection means so that the detection means is de- 
formed in a thinning direction at the collided portion to 
detect the collision. 

[01 08] The second shock absorbing member 1 1 2 acts 
to soften the shock to the vehicle mainly at the time of 
collision with the vehicle, and encourages the deforma- 
tion of the detection portion so that it is formed of foamed 
urethane which is harder than the first shock absorbing 
member 111. 

[0109] The output from the collision detection means 
1 is as shown in FIG. 3C, and the output waveform is 
different depending on the body to be collided. This out- 
put is introduced into the first memory means 21 of the 
collision state presuming means 2. 
[0110] The second memory means 22 stores a refer- 
ence value table. One or a plurality of the reference val- 
ue tables are prepared for every vehicle speed. 
[0111] In the comparison means 23, out of five ranks 
divided according to a degree of collision, a rank having 
a suitable collision strength is selected on the basis of 
the time axis data stored in the first memory means 21 
as shown in FIG. 3 C. The ranking is carried out in com- 
parison with judgement reference data set at every ve- 
hicle speed. 

[0112] In the first embodiment, as in the algorism of 
FIG. 4, an increment (AX1=X1-X0) of an output value 
(X1) at a time (T1) after the fine time AT from the time 
TO at which output X (=X0) of the collision detection 
means 1 reaches a threshold level (Xr), that is, after a 
number of samplings, is obtained, and when the incre- 
ment exceeds another threshold level (AXr), it is com- 
pared with four levels of the judgement reference data. 
The fine time AT is preferably changed according to the 
vehicle speed, and is extended at the lower speed. As 
shown in FIG. 3C, there is a possibility that only with the 
AX1, the same collision strength rank (E) is obtained 
both in the case of a weak rear-end collision with a ve- 
hicle and in the case of a collision with a pedestrian. 
Therefore, with respect to the collision strength "E", for 
separating the collision with a pedestrian from the weak 
rear-end collision, an output value (X2) at a time (T2), 
that is, after 2 • AT from the time (T1), is obtained, and 
an output change (A X2:X2-X1) from the output value 
(X1 ) at the time (T1 ) is judged if it is positive or negative. 
If it is positive, judgment is made as a weak rear-end 
collision. Here, an occupant protective device for oper- 
ation in accordance with the "Judgement 2 " is set to a 
waiting mode into a preparation stage for occupant pro- 
tection resulting from a secondary collision. If it is neg- 
ative, judgement is made as a pedestrian of "Judgment 
1 " to operate the pedestrian protective device 8. This 
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grasps a difference caused by mass of a collision body. 
"2 • AT" is preferably in the range of from AT to 5AT The 
comparison between the output X of the collision detec- 
tion means 1 and the threshold Xr is carried out at every 
sampling time until X reaches Xr, and when X reaches 
Xr, the time To is replaced by the time T at that time. 
[011 3] In the judgement means 24, as shown in Table 
1 , judgment numbers are selected according to the ve- 
hicle speed ranks and the collision strength ranks in the 
collision state obtained by the comparison means 23. 
Here, the collision strength rank is determined by com- 
paring AX1 with four judgement reference values in a 
discrimination map classified by the vehicle speed 
ranks, as shown in FIG. 4. In the case where the pro- 
tective device is one, the judgement number discrimi- 
nates the operating condition, and a signal correspond- 
ing to the judgement number is output to the protective 
device. For example, when collided severely with a ve- 
hicle and the judgement is "4", 3-bit "100" is output as 
a digital signal. When collided with a pedestrian, the 
judgment is B 1\ and "001" is output. 
[0114] For example, one example of the judgement 
by the judgement means 24 is shown in Table 1 . Here, 
the judgement state is decided with respect to the rank 
of the collision strength which is an output rank of the 
collision detection means 1 for every vehicle speed 
rank. In this example, there are 4 vehicle speed ranks 
of a, b, c, and d in order of fast vehicle speed, and 5 
collision strength ranks of A, B, C, D, and E in order of 
the larger total amount of the bumper deformation 
amount caused by the collision. The collision state is 
judged from these two ranks. 

[0115] The "Judgement 4" corresponds to the colli- 
sion with a stopped vehicle or a confronted vehicle, 
which is a severe collision for which the occupant pro- 
tective device 6 needs be operated urgently. At this time, 
the occupant protective device 6 is operated in a urgent 
operating mode. In this case, the rank of the collision 
strength is A, and the vehicle speed rank is a to c. This 
includes the case where a confronted vehicle comes in- 
to a head-on collision with a vehicle being stopped. 
[0116] The "Judgement 3" corresponds to an offset 
confrontation collision of about 1/2 or a rear-end colli- 
sion with a vehicle at a relative speed of 20 to 40 km/h, 
in which case an occupant protective device 6 such as 
an air bag is operated in a normal mode. At that time, 
the rank of the collision strength, and the vehicle speed 
rank are in any of the following combinations: A and d; 
B and a to d; C and a to c. The "Judgement 2" corre- 
sponds to a rear-end collision at a relative speed of 20 
km/h or less, an offset confrontation collision of 1/4 or 
less, or a collision against a fixed object on the earth 
such as an electricity pole, which is a collision at which 
an occupant protective device 6 such as an air bag is 
slowly developed and held for 3-10 seconds or so on 
the supposition of a secondary collision. At that time, the 
rank of the collision strength and the vehicle speed rank 
are in any of the following combinations: C and d; D and 
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a to d; or E and d. 

[0117] The "Judgement 1" corresponds to the colli- 
sion with a pedestrian, which is a collision that a pedes- 
trian protective device 6 needs be operated. At that time, 
the rank of the collision strength is E, and the vehicle s 
speed is a to c. Further, at that time, there is also a pos- 
sibility of a rear-end collision with a vehicle having a high 
rear bumper such as a truck, and the occupant protec- 
tive device 6 is set to a waiting state. When an acceler- 
ation output reaches a certain value or more, operation 
of the occupant protective device 6 is made only by a 
judgment function. It is noted that these judgments are 
looked at every sampling period, and the collision dis- 
crimination is repeated till the vehicle stops and occu- 
pants get out of the vehicle so that operation of the pro- 
tective device is property made. 
[0118] The operation selection means 4 is particularly 
not necessary when meaning of an output signal of the 
collision discriminating apparatus can be judged in each 
protective device, but when cannot be discriminated, a 
proper signal is output to each protective device by the 
operation selection means 4. For example, in the case 
where a pedestrian protective device 8 and an occupant 
protective device 6 are respectively single or plural in 
number, a protective device that need be operated is 
selected and a signal is output thereto in order to oper- 
ate the adequate protective device on the basis of the 
judgement number representative of the collision body 
and the collision state decided by the judgement means 
24. 

[0119] The effect of the collision discriminating appa- 
ratus for vehicles having the aforementioned operation 
will be explain in detail hereinafter. 
[0120] The collision discriminating apparatus accord- 
ing to the first embodiment presumes the collision object 
collided with the vehicle on the basis of the deformation 
amount of the collided portion detected and the vehicle 
speed at the time collision of the vehicle is detected. This 
exhibits the effect of enabling the presumption of the col- 
lision object, that is, the discrimination of the collision 
with a pedestrian, the collision with the vehicle, and the 
collision with other obstacles. 

[0121] Further, the collision discriminating apparatus 
according to the first embodiment judges what is collid- 
ed by comparing the change by the time of an electric 
signal as shown in FIG. 3 C from the collision detection 
means 1 with the judgement reference data on the basis 
of an algorism of FIG. 4 prepared in advance. This ex- 
hibits the effect capable of more accurately discriminat- 
ing between a pedestrian and the vehicle and others. 
[0122] That is. an object collided with the bumper 1 00 
is detected by the collision detection means 1 to obtain 
the rank of the collision strength which differs with the 
collided body which is a person having a small mass or 
a weight body such as a vehicle from the characteristics 
of the output change thereof. This enables approximate 
presumption of lateral width and mass of the collided 
body, and how to operate which protective device can 



be decided in accordance with a judgment table shown 
in Table 1 . As a result, the protective device for an oc- 
cupant or a pedestrian can be effectively operated. 
[01 23] Since the collision state can be detected mere- 
ly by the detection means 1 provided on the bumper 100, 
the judgement of the collided body can be made quickly, 
and the operating speed of the protective devices 6 and 
8 can be thereafter lowered to reduce the shock force 
to the occupants caused by the protective devices. 
[0124] Since the detection sensitivity of the present 
invention can be made higher than that of the conven- 
tional protective device using an acceleration meter, in 
which a pedestrian protective device is set so that it will 
not operate till a fixed acceleration level at the time of 
low speed in order to avoid an erroneous operation of 
an occupant protective device such as an air bag, but 
even low shock can be sensed to operate the occupant 
protective device quickly or keep it in a waiting mode. 
Accordingly, it is possible to more adequately operate a 
pedestrian protective or occupant protective device to 
enable the reduction in shock force to of a pedestrian 
and an occupant. 

[0125] Further, in the collision discriminating appara- 
tus according to the first embodiment, also in the vehicle 
with only an occupant protective device mounted, de- 
tection can be made quickly and the operating condition 
of the protective device can be instructed precisely. 
Therefore, unnecessarily quick development of an air 
bag device can be minimized as necessary. This makes 
the shock force to an occupant by the air bag operation 
minimum as necessary. The bumper described .in the 
first embodiment includes one in contact at the time of 
collision in the vicinity of the front portion of the vehicle 
body. 

(Second Embodiment) 

[0126] The collision discriminating apparatus for ve- 
hicles according to a second embodiment is different 
from the first embodiment in that respective two collision 
detection means and first memory means are provided 
as shown in FIG. 5. That is, the collision detection 
means comprises a first collision detection means 11 A 
and a second collision detection means 11 B, which are 
respectively provided with detection portions 113 and 
114 and amplification portions 121 and 122. 
[0127] In the collision detection means as shown in 
FIGS. 6A and 6B, the respective detection portions are 
mounted in a shock absorbing member 111 in a bumper 
provided on the front of the vehicles, and the first colli- 
sion detection means 11 A and the second detection 
means 11 B are arranged on the front, and in front of a 
vehicle body frame 103 at the rear of the bumper, re- 
spectively. 

[01 28] In the collision state presuming means 2 com- 
pares the time variations of electric signals as shown in 
FIG. 7 from the amplification portions 121 and 122 of 
the first or second collision detection mean 1 1 A and 1 1 B 
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with reference data on the basis of a discrimination al- 
gorism of FIG. 8 prepared in advance to judge what col- 
lided is. There comprises a 11th memory means 211 for 
storing an output of the first collision detection means 
1 1 A as an input signal having a fixed time width, a 1 2th $ 
memory means 212 for storing an output of the second 
collision detection means 1 1 B as an input signal having 
a fixed time width, a second memory means 22 for stor- 
ing comparison data corresponding to the vehicle speed 
connected to a vehicle speed sensor 3, a comparison 
means 23, and a judgement means 24. 
[01 29] In the collision discriminating apparatus for ve- 
hicles according to the second embodiment constructed 
as described above, the deformation of the front portion 
of the vehicle caused by the collision is first detected by 
the first collision detection means 11 A, and in the case 
of large shock force, it is also detected by the second 
collision detection means 1 1 B. The change in shape and 
the magnitude of output of the detection portion differ 
with the detection portions and the rigidity of the shock 
absorbing members around the detection portions 113 
and 114. 

[01 30] The first collision detection means 1 1 A is em- 
bedded in the vicinity of the front portion of the bumper 
100 and is high in sensitivity capable of detecting the 
collision of a pedestrian. The second collision detection 
means 11 B is a member having a high rigidity capable 
of detecting only the collision of a weight body such as 
the vehicle and whose detection sensitivity is set to be 
low. Therefore, in the case where a pedestrian collides, • 
such is not detected or a very small detection results. In 
the second collision detection means 11 B, preferably, 
the rigidity of the shock absorbing member 11 and the 
collision detection means are decided so as not to de- 
tects collided body to a degree of a pedestrian. 
[0131] Outputs from the first and second collision de- 
tection means 11Aand 11Bare as shown in FIG. 7and 
are set so that output waveforms to both the means are 
different depending on collided bodies. 
[01 32] For example, suppose that a support pole and 
a pedestrian are the same in diameter, both are featured 
outputs. In the first collision detection means 11 A, both 
are about the same outputs, but in the second collision 
detection means 11 B, in the case of a pedestrian, since 
feet are sprung by the bumper of the vehicle, no defor- 
mation of the bumper occurs till the second collision de- 
tection means 11 B is deformed. 
[0133] On the other hand, since the support pole is 
secured to the ground of the road or the like, it is de- 
formed locally to the portion of the second collision de- 
tection means 11B. Therefore, in the fixed bodies such 
as a support pole, outputs of the first and second colli- 
sion detection means are relatively small and output to 
both. These outputs are introduced into the 11th and 
12th memory means 211 and 212 of the collision state 
presuming means 2. In these memory means, new out- 
put data are always stored for a fixed period of time, and 
output changes during that period are stored. 
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[0134] The second memory means 22 stores judg- 
ment reference data provided every range of vehicle 
speed and a reference value table such as a discrimi- 
nation map for discriminating the operating conditions 
of the protective devices. The discrimination reference 
data are stored for ranking the strength of collision with 
respect to the detection data of the 1 1 th and 1 2th mem- 
ory means 211 and 212. One or a plurality of discrimi- 
nation maps every vehicle speed rank are prepared. 
[0135] In the comparison means 23, the judgement 
reference data in the second memory means 22 are 
used as shown in FIG. 7, those from the 11th memory 
means 211 and those from the 12th memory means 212 
are divided, in rank of the strength of collision, into 4 
ranks and 5 ranks, respectively, according to a degree 
of collision, on the basis of the time axis outputs stored 
in the 11th and 12th memory means 211 and 212, and 
on the basis of the algorism shown in fig. 8. 
[0136] The ranking is carried out in comparison with 
a table for judgement reference values set every vehicle 
speed. In the second embodiment, the ranking is carried 
out by obtaining the maximum output value within a fixed 
time from the time at which the output of the first collision 
detection mean 11 A reaches a fixed level (threshold) 
and comparing with 3 to 4 levels of the judgement ref- 
erence level. However, there is presumed the case of a 
weak rear-end collision in which the maximum value of 
the output of the first collision detection means 11 A 
made the same and no output to the second collision 
detection means 11 B is present. In order to separate it 
from the collision with a pedestrian, judgement is further 
made depending on the presence or absence of the low- 
ering of output after arrival of maximum value within a 
fixedtime similartothe first embodiment. The higher the 
vehicle speed, the higher the threshold. 
[0137] There is another judgement method in which 
in the case where the time to the maximum valve after 
the output exceeds the threshold is shorter than a fixed 
time, judgement is made as a pedestrian, and in the 
case where it is longer, judgement is made as a weak 
rear-end collision. That is, the weak rear-end collision 
is slow in relative speed, and is also slow in the time at 
which the output is maximum. Such a judgement as de- 
scribed may be the same as Embodiment 1 . 
[0138] In the judgement means 24, the judgement 
number is selected by collating the rank of the first col- 
lision strength and the rank of the second collision 
strength in the collision state obtained by the compari- 
son means 23 with the discrimination map as in Table 2 
set every vehicle speed rank and stored in the second 
memory means 22. 

[0139] For example, in the judgement means 24, the 
present vehicle speed is divided into vehicle speed 
ranks, and the discrimination map every vehicle speed 
rank is opened and collated to obtain the judgement 
state with respect to the ranks of the first and second 
collision strength which are output ranks of the first and 
second collision detection means 11 A and 1 1 B. This Ta- 
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ble has four ranks of the first shock strength of A, B, C, 
and D in order of large total amount of the deformation 
amount of the surface portion of the bumper caused by 
the collision and five ranks of the second shock strength 
of a, b, c, d, and e in order of large total amount of the 
deformation amount of the deep portion of the bumper. 
The collision state is discriminated in five stages from 
these two ranks. 

[0140] 'Judgement 4" corresponds to an offset colli- 
sion or a rear-end collision, in which an occupant pro- 
tective device 6 is in a normal operation. When the rank 
of the first collision strength is A, and the ranks of the 
second shock strength are c and d, the rank of the first 
collision strength is B, and the ranks of the second shock 
strength are b to d. 

[01 41 ] 'Judgement 2" corresponds to light-weight ob- 
stacles such as a bicycle, a light vehicle, a wheel chair 
or the like, in which an occupant protective device 6 and 
a pedestrian protective device 8 are in a waiting opera- 
tion. The rank of the first collision strength is C, and the 
rank of the second shock strength is e. 
[0142] "Judgement 1* corresponds to the collision 
with a pedestrian, in which a pedestrian protective de- 
vice is operated. The rank of the first collision strength 
is D, and the rank of the second shock strength is e. 
[0143] The collision discriminating apparatus for ve- 
hicles according to the second embodiment exhibiting 
the above-described operation compares with the 
change in the time from the first and second collision 
detection means with the judgement reference data pre- 
pared in advance to judge what collided is. This exhibit 
the effect capable of more accurately discriminating the 
discrimination between a pedestrian and the vehicle or 
others 

[0144] That is, the obstacles collided with the bumper 
are detected by the first and second collision detection 
means 11 A and 1 1 B, and the size and mass of the col- 
lided bodies in which the collided collision object is a 
person, a fixed support pole, an electricity pole or weight 
body such as a vehicle are presumed, in accordance 
with the judgement table of Table 2, from the character- 
istics of the output change. 

[0145] In the second embodiment, the discrimination 
accuracy of the collision with a pedestrian is higher than 
that of the first embodiment by the provision of two col- 
lision detection means 11 A and 11 B which are different 
in detection sensitivity. Thereby, the protective devices 
for a pedestrian and an occupant can be operated more 
effectively. 

[0146] Particularly, the second embodiment is char- 
acterized in that judgement of a pedestrian or collided 
bodies which are light in weight per unit width such as 
a wide and relatively light- weight bicycle can be made 
with accuracy. 

(Third Embodiment) 

[0147] The collision discriminating apparatus for ve- 



hicles according to the third embodiment is different 
from the first embodiment in that as shown in FIG. 9, 
after the collision state presumption by the collision de- 
tection means 1 , the judgement results are corrected by 
5 the vehicle acceleration sensor 5. 

[0148] This is an embodiment in which the bumper 
100 in the front of own vehicle does not collide with a 
collision opposing vehicle, or partly collides. This occurs 
in the case where a collision object produces a rear-end 
collision against the vehicle such as a damp car. 
[0149] The collision discriminating apparatus for ve- 
hicles according to the third embodiment comprises, as 
shown in FIG. 9, a collision detection means 1, a colli- 
sion state presuming means 2 having a judgement cor- 
rection function, and a vehicle body acceleration sensor 
5. 

[0150] The collision state presuming means 2 com- 
pares a change in time of an electrical signal from the 
amplification portion 12 of the collision detection means 
1 with reference data prepared in advance to judge what 
collided is. 

[0151] The collision state presuming means 2 com- 
prises a first memory means 21 for storing outputs of 
the collision detection means 1, a second memory 
means 22 for storing judgement reference data corre- 
sponding to the vehicle speed and a discrimination map, 
a comparison means 23 for determining a rank of colli- 
sion strength from an output signal of the first memory 
means 21 , a judgement means 24 for judging a rank of 
collision strength determined by the comparison means 
23 and an operating mode of a protective device from 
the discrimination map, an acceleration memory means 
51 for storing, as a digital signal, an output of the accel- 
eration sensor 5 through a high pass filter and a low pass 
filter (not shown), an acceleration comparison means 52 
for determining a deceleration rank of the vehicle from 
an output signal of the acceleration memory means 51 , 
and a judgement correction means 53 for correcting the 
judgement result by the acceleration. 
[0152] In the collision discriminating apparatus for ve- 
hicles according to the third embodiment constructed as 
described above, deformation of the front portion of the 
vehicle is detected by the collision detection means 1 , 
and acceleration of the vehicle body is detected by the 
acceleration sensor 5. 

[01 53] An output from the collision detection means 1 
and an output from the vehicle body acceleration sensor 
5 are introduced into the first memory means 21 of the 
collision state presuming means 2 and the third accel- 
eration memory means 51, respectively. In these mem- 
ory means, they are stored for the fixed time and stored 
as the output change during that period. 
[0154] The second memory means 22 stores judge- 
ment reference data and a reference value table com- 
prising a discrimination map. One or a plurality of refer- 
ence value tables every vehicle speed are prepared. 
[01 55] In the first comparison means 23, the collision 
strength is divided into the same 5 ranks as Table 1 of 
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the first embodiment according to a degree of collision 
on the basis of the time axis output of the bumper de- 
formation stored in the firs memory means 21. 
[0156] In the judgement means 24, the kind or the op- 
erating conditions of the protective devices are judged, 
as in the first embodiment, from the ranks of the collision 
strength determined by the first comparison means 21 . 
[01 57] In the acceleration memory means 51 , outputs 
from the vehicle body acceleration sensor 5 are intro- 
duced through a high pass filter and a low pass filter. In 
the memory means 51, analog signals through a low 
pass filter of about 2 kHz and a high pass filter of 10 Hz 
are stored for two times of sampling, and data in excess 
of a threshold and next data are subjected to ranking. 
[0158] In the acceleration comparison means 52, the 
rank is divided into four vehicle body deceleration ranks 
according to a degree of collision on the basis of the 
time axis output of acceleration stored in the accelera- 
tion memory means 51 . 

[0159] In the judgement correction means 53, the 
judgement number obtained by the judgement means 
as in Table 3 is corrected to an adequate one according 
to the vehicle body deceleration rank. However, it is out- 
put to the protective device 6 in the judgement mode of 
the judgement means till the acceleration reaches the 
threshold. 

[0160] In the collision discriminating apparatus for ve- 
hicles according to the third embodiment exhibiting the 
above-described operation, the judgement of the obsta- 
cle collided with the vehicle is carried out by the collision 
detection means 1 and the vehicle body acceleration 
sensor 5, whereby even in the case where the bumpers 
are not collided among themselves, for example, in the 
case where a private car bumps into the rear of a truck, 
the protective devices can be operated positively. 
Thereby, the protective devices 8 and 6 for a pedestrian 
and an occupant an be operated more effectively to pre- 
vent unnecessary operation. 

[0161] For example, as shown in Table 3, when the 
results judged by the judgement means 24 of the colli- 
sion state presuming means 2 is 4 to 0, the judging con- 
ditions are corrected according to the magnitude of the 
vehicle body deceleration caused by the collision. 
[0162] For example, in the case where the collision 
could not be detected by the bumper portion due to a 
deviation of the collision position, as the judgement is 
"0", when the deceleration rank is "c", the mode is 
changed into the slow operating mode of the occupant 
protective device 6 of "2', or when the deceleration rank 
is extremely large 'a', the mode is changed into the ur- 
gent operating mode of the occupant protective device 
6 of "4". 

[01 63] Further, when the pedestrian protective device 
6 is in the operating mode as the judgement is "1', in 
the case where the vehicle body deceleration has in- 
creased to some extent after the pedestrian protective 
device 6 has been operated, the occupant protective de- 
vice 6 is put into the operating mode according to the 



vehicle speed deceleration. However, in the case where 
the judgement of the judgement means 24 is large like 
"4", the mode is put to the urgent operating mode irre- 
spective of the result of the acceleration sensor 5, or in 

5 the case where the vehicle body deceleration is ex- 
tremely large ■a", the mode is put to the "4" of the urgent 
operating mode irrespective of the judgement of the 
judgement means 24. This case is an instance which 
occurs in a case of collision with a truck such as a damp 

10 car after having collided with a pedestrian. 

(Fourth Embodiment) 

[0164] The collision discriminating apparatus for ve- 
hicles according to the fourth embodiment is different 
from the first embodiment in that as shown in FIGS. 10 
and 11, the collision detection means 1 and the first 
memory means are respectively constituted by 3 in 
number. 

[01 65] The collision detection means comprises a first 
collision detection means 11 A, a second collision detec- 
tion means 11B, and a third collision detection means 
11c, each of which comprises a detection portion and 
an amplification portion. The object of arranging a plu- 
rality of collision detection means as described is to 
specify a collision position and detect the size widthwise 
of a collided body, whereby adequate operation of a plu- 
rality of protective devices becomes further enabled. 
[0166] In the collision detection means, the respective 
detection portions are mounted in a shock absorbing 
member 111 in a bumper provided in the front of the ve- 
hicle, as shown in FIG. 10, and the first collision detec- 
tion means 11 A, the second collision detection means 
1 1 B, and the third collision detection means 1 1 C are ar- 
ranged on the lower side in the central portion, on the 
upper side on the right-hand, and on the upper side on 
the left-hand, respectively. 

[0167] The first collision detection means 11 A is su- 
perposed to the second or the third collision detection 
means 1 1 B, 1 1 C in a I region or a G region as shown in 
FIGS. 10 and 11. The spacing between the second and 
third collision detection means 11 B and 11 C is over the 
diameter of an electricity pole, and they are arranged so 
as to be able to judge the kind of support poles such as 
an electricity pole and the collision position. 
[0168] The collision state presuming means 2 com- 
pares a change in time of electric signals from amplifi- 
cation portions 121 , 122, and 123 of the first or the sec- 
ond or the third collision detection means with reference 
data prepared in advance to judge what collided is, as 
shown in FIGS. 10 and 11. 

[0169] The collision state presuming means 2 com- 
prises a 11th memory means 211 for storing outputs of 
the first collision detection means 11 A as input signals 
of fixed time width, a 1 2th memory means 21 2 for storing 
outputs of the second collision detection means 11 B as 
input signals of fixed time width, a 13th memory means 
213 for storing outputs of the third collision detection 
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means 11c, a second memory means 22 for storing 
judgement reference data and a discrimination map, a 
comparison means 23 and a judgement means 24. If 
the protective device has a sufficient judgement func- 
tion, the operation selection means shown is not neces- 
sary. 

[0170] In the collision discriminating means for vehi- 
cles according to the fourth embodiment constructed as 
described above, deformation of the front portion of the 
vehicle caused by collision is detected by at least one 
of the first, second and third collision detection means 
11 A, 11 B and 11C. That is, the deformation is detected 
by the first or the second or the third or the first and the 
second or the first and the third or the first, the second 
and the third collision detection means. 
[0171] The magnitude of the shape change differs 
with the detection portions of the collision detection 
means and the shock absorbing member 1 1 1 around the 
detection portions, similar to the previous embodiments. 
The first collision detection means 11 A and the second 
or the third collision detection means 11 B or 11C are 
arranged in a suitable overlapping state. The length of 
the overlapping and the spacing between the second 
and the third collision detection means are in excess of 
the diameter of an electricity pole. 
[0172] The outputs from the first, second and third col- 
lision detection means 1 1 A, 1 1 B and 1 1 C are similar to 
FIG. 3 of the embodiment 1 and different in output wave- 
forms depending on the bodies to be collided, the first 
being different from the second or the third. These out- 
puts are introduced into the 11th, 12th and 13th memory 
means 211,212 and 21 3 of the collision state presuming 
means 2. They are stored for the fixed time in these 
memory means. The second memory means 22 is sim- 
ilar to those of the previous embodiments. 
[0173] In the comparison means 23, the ranks of the 
11th, 12th and 13th memory means are divided into the 
first, second and third ranks of collision strength of each 
4 ranks according to a degree of collision on the basis 
of the time axis outputs stored in the 1 1 th, 1 2th, and 1 3th 
memory means 211, 212 and 213 as shown in FIG. 10. 
Ranking is carried out by comparing with the judgement 
reference data set every vehicle speed. 
[0174] In the judgement means 24, the judgement 
number which is coincided by collating the rank of the 
first collision strength, the rank of the second collision 
strength, and the rank of the third collision strength in 
the collision state obtained by the comparison means 
23 with the discrimination map set every vehicle speed 
rank and stored in the second memory means 22 is se- 
lected out of 6 kinds as shown in Table 4. The operating 
conditions of the protective devices are decided by the 
judgement number. 

[0175] The presuming method for a collision position 
will now be mentioned. In the case where detection is 
made merely by the first collision detection means 11 A 
as shown in Table 4, a central H region shown in FIG. 
10 is indicated, in the case where detection is made by 
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both the first and second collision detection means, an 
I region is indicated, in the case where detection is made 
by both the first and third collision detection means, a G 
region is indicated, in the case where detection is made 
5 merely by the second collision detection means, a right- 
hand J region is indicated, and in the case where detec- 
tion is made merely by the third collision detection 
means, a left-hand F region is indicated. 
[0176] A pedestrian or an electricity pole is not in a 
plurality of regions, but in the collision with the vehicle, 
outputs are detected in a plurality of regions. The size 
and mass of the collided body can be presumed from 
the relation with the collision strength ranks. An example 
shown in Table 4 is the detection over a plurality of re- 
gions and the same collision strength rank, which is a 
case of a method for selecting the collision strength of 
a part which receives the severest collision. 
[0177] For example, "Judgement 6" corresponds to 
the collision with less offset with a stopping vehicle or 
an opposing vehicle, in which case, the ranks of the first 
to third collision strength are A, the collision regions are 
F to J, F to I, and G to J, or the ranks of the first to third 
collision strength are B, the collision regions are F to G, 
and I to J. In this case, a signal is output to the occupant 
protective device so as to operate the said device in the 
urgent operating mode. 

[0178] "Judgement 5" corresponds to an offset colli- 
sion of about 1/2 or a rear-end collision, in which case, 
the ranks of the first to third collision strength are B, the 
collision regions are F to J, F to H, and H to J, or the 
ranks of the first to third collision strength are C, the col- 
lision regions are F to G, and I to J. In this case, a signal 
is output to the occupant protective device so as to op- 
erate the said device in the normal operating mode. 
[0179] "Judgement 4" corresponds to a relatively 
weak collision, in which case, the ranks of the first to 
third collision strength are C, the collision regions are F 
to J, F to H, and H to J. In this case, a signal is output 
to the occupant protective device so as to operate the 
said device in the slow operating mode. 
[0180] "Judgement 3" corresponds to a collision with 
a small-diameter fixed body such as an electricity pole, 
in which case, the ranks of the first to third collision 
strength are C, the collision regions are F, G, H, I and J. 
In this case, signals are output to an occupant protective 
device for a head-on collision and an occupant protec- 
tive device for a flank collision so as to operate the re- 
spective device in a slow operating mode and a waiting 
operating mode, respectively. 

[0181] "Judgement 2" corresponds to a collision with 
a light vehicle such as a bicycle, in which case, the ranks 
of the first to third collision strength are D, the collision 
regions are F to G, G to H, H to I, and I to J. In this case, 
a signal is output to the pedestrian protective device so 
as to operate the said device in the waiting operating 
mode. At this time, a device for preventing falling from 
the vehicle is operated by a signal of the coalition de- 
tection sensor on the bonnet. 



EP0 937 612 A2 



15 



20 



25 



30 



35 



40 



45 



50 



18 



35 

[0182] "Judgement 1 " corresponds to a collision with 
a pedestrian, in which case, the ranks of the first to third 
collision strength are D, the collision regions are either 
F, G, H, I, and J. In this case, a signal is output to the 
pedestrian protective device so as to operate the said s 
device. 

[0183] In the collision discriminating apparatus for ve- 
hicles according to the fourth embodiment exhibiting the 
above-described operation, the obstacles collided with 
the bumper are detected by the first, second, and third 
collision detection means 11 A, 11 B, and 11 C, and the 
size and mass of the collided bodies such as a person 
or the weight body such as the vehicle and the collision 
position are presumed from the characteristics of the 
change in detection signal thereof in accordance with 
the judgement table shown in Table 4. 
[01 84] In the fourth embodiment, the collision position 
can be specified by three collision detection means 
whose detection sensitivity is substantially the same, 
and therefore the precision of the discrimination of the 
collision between the vehicle and a pedestrian is higher 
than that of the first embodiment. Also, the presumed 
precision for offset amount of collided vehicles is higher. 
[0185] Thereby, the protective devices for a pedestri- 
an and an occupant can be operated more effectively, 
and only the protective device as necessary at a mini- 
mum can be operated. An overlap is not necessary for 
each collision detection means, but the resolution of the 
detection position is enhanced from about 1/3 to 1/5 of 
the vehicle width by applying the overlap. 

(Fifth Embodiment) 

[0186] The collision discriminating apparatus for ve- 
hicles according to a fifth embodiment is an embodiment 
in which the second aspect is further specified, in which 
as shown in FIGS. 1 2 to 1 7, a shock absorbing member 
201 for a vehicle formed of a hard urethane foam is dis- 
posed on a base portion of the vehicle in a bumper 100, 
and a shock absorbing member 202 for a pedestrian 
formed of a soft urethane foam is disposed on the front 
surface of the shock absorbing member for a vehicle, 
the shock absorbing member 202 for a pedestrian being 
formed in the front thereof with a collision surface 10. 
[0187] As shown in FIG. 1 6, the electrostatic capacity 
type collision detection sensor 1 4 is mounted on the col- 
lision surface 10, two opposed electrodes 11 E and 12E 
are disposed at fixed intervals over the substantially en- 
tirety widthwise of the vehicle of the shock absorbing 
member 102 for a pedestrian, and the dielectric 13 is 
interposed between the two opposed electrodes 11 E 
and 12E. 

[0188] Electrode materials constituting the opposed 
electrodes 11 Ee and 12E are better when the have a 
good longitudinal expansion property. Metal mesh-like 
electrodes, metal electrodes with slits disposed at fixed 
pitch, or electrodes such as elastic members having a 
high conductivity may be used. 
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[0189] The dielectric 13 is preferably an elastic sub- 
stance having a high dielectric constant, that is, rubber, 
whose dielectric constant is most preferably in the range 
of from 2 to 59. The compressive rigidity of the dielectric 
1 3 is preferably 2 to 200 kPa/mm. When only the sensor 
is located in front of the bumper 100, the compressive 
rigidity is preferably 100 to 5000 kPa/mm. 
[0190] The collision discrimination algorism of the col- 
lision discriminating apparatus for vehicles according to 
a fifth embodiment will be explained with reference to 
FIGS. 14 and 15. As shown in FIG. 15, in Step 1012, a 
target value Xr based on a vehicle speed Vc detected 
by the vehicle speed sensor 203 is read from the second 
memory means 22. 

[0191] In Step 1022, electrostatic capacity data X 
from the collision detection means 1 is read from the first 
memory means 21 . In Step 1032, judgement is made if 
the data X exceeds a reference value Xr. If it exceeds, 
T0=T, X0=X, and 1=1 are set, and in Step 1042, the data 
X from the collision detection means 1 are integrated. 
[0192] In Step 1052, judgement is made if the time T 
exceeds T0+ At. If it exceeds, in Step 1062, judgement 
is made if integrated data XX exceeds a reference value 
R. 

[0193] If it exceeds, in Step 1072, detection data of 
time T1 after At from time TO are read as X1 , and in Step 
1082, a signal change rate AX1 (=X1 - X0) is calculated. 
[0194] In Step 1092, a reference value at levels 1 to 
4 according to the vehicle speed is read from the second 
memory means, and in Step 1102, if the signal change 
rate AX1 is less than a level 1, as the collision strength 
E, in Step 1112, output data at time T2 after At from time 
T1 are read as X2. 

[0195] In Step 11 22, in the case where the read output 
data X2 is smaller than or equal to X1 in the detection 
data at time T1 , a pedestrian protective mode is judged 
in Step 1132. 

[0196] In the case where the read output data X2 is 
larger than X1 in the detection data at time T1 , In Step 
1142, judgement is made to be a collision with a pole or 
the like, and an occupant protective mode is judged. 
[0197] If the signal change rate AX1 is above a level 

1 but less than a level 2, as the collision strength D, in 
Step 1182, judgement is made to be an occupant pro- 
tective mode according to the vehicle speed and the 
shock strength. 

[0198] If the signal change rate AX1 is above a level 

2 but less than a level 3, as the collision strength C, in 
Step 1182, judgement is made to be an occupant pro- 
tective mode according to the vehicle speed and the 
shock strength. 

[0199] If the signal change rate AX1 is above a level 

3 but less than a level 4 as the collision strength B, in 
Step 1182, judgement is made to be an occupant pro- 
tective mode according to the vehicle speed and the 
shock strength. 

[0200] If the signal change rate AX1 is above a level 
4, as the collision strength A, in Step 1182, judgement 
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is made to be an occupant protective mode according 
to the vehicle speed and the shock strength. Next, in 
Step 1192, the judgement results are output. 
[0201 ] In the collision discriminating apparatus for ve- 
hicles according to the fifth embodiment, since the algo- 
rism for integrating output signals for the time (At) is add- 
ed to the process after the output signal from the colli- 
sion detection means 1 exceeds the threshold, this 
copes with outputs having high frequency components 
as compared with noises or actual signal change, thus 
exhibiting the effect in which the erroneous judgement 
caused by noises is prevented by the integration. 
[0202] Further, in the collision discriminating appara- 
tus for vehicles according to the fifth embodiment, there 
exhibits the effect in which when the integrated value 
IX is equal or exceeds the reference value R, the mode 
is shifted to the judgement for first operating the protec- 
tive device, and in case of others, the mode is returned 
to the initial monitoring mode. 

(Sixth Embodiment) 

[0203] The collision discriminating apparatus for ve- 
hicles according to a sixth embodiment is an embodi- 
ment belonging to the second aspect, which is different 
in that as shown in FIGS. 1 8 and 1 9, the first and second 
collision detection means 1 A and 1 B are juxtaposed on 
the base portion and the front portion on the vehicle side 
in the bumper 100. The difference will be mainly ex- 
plained below. 

[0204] The first collision detection means 1A is con- 
stituted so that two opposed electrodes 11 A and 12B 
are disposed at fixed intervals over the entirety width- 
wise of the vehicle on the front portion in the bumper 
100, the dielectric 13A is interposed between the two 
opposed electrodes 11 A and 12A, and a small amount 
of deformation of the bumper to a degree of collision of 
a pedestrian is sensed. 

[0205] The second collision detection means 1B is 
constituted so that two opposed electrodes 1 1 B and 1 2B 
are disposed at fixed intervals over the entirety width- 
wise of the vehicle on the base portion in the bumper 
100, the dielectric 13B is interposed between the two 
opposed electrodes 11 B and 12B, and a large amount 
of deformation of the bumper as in a collision with the 
weight body such as the vehicle and the fixed body is 
sensed. 

[0206] The electrostatic capacity detection circuits 
15A and 15B are connected to the first and second col- 
lision detection means 1 A and 1 B, respectively, and the 
electrostatic capacity value is converted into a voltage 
for detection of electrostatic capacity, which is output to 
the first and second collision object presuming means 
for performing the judgement as shown in FIG. 18 (B). 
[0207] In the collision discrimination algorism of the 
collision discriminating apparatus for vehicles according 
to the sixth embodiment, as shown in FIG. 19, Steps 
1012 to 1062 are similar to the fifth embodiment. In 
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Steps 2012 to 2062 and Steps 2072 to 2132, the colli- 
sion strength is judged similar to the fifth embodiment 
on the basis of data from the 11th memory means and 
the 12th memory means. In Step 2142, the judgement 
5 of the operating modes for the pedestrian protection and 
the occupant protection are carried out, and Step 2152, 
the judgement results are output. 
[0208] The collision discriminating apparatus for ve- 
hicles according to the sixth embodiment exhibits the 
effect that the collision with a pedestrian and the colli- 
sion with the weight body such as a vehicle and the fixed 
body (such as a support pole, a pole and others) can be 
definitely discriminated, as shown in FIGS. 20A and 
20B, by the outputs from the first and second collision 
detection means 1 A and 1 B. 

[0209] In the collision discriminating apparatus for ve- 
hicles according to the sixth embodiment, since the al- 
gorism for integrating output signals for the time (At) is 
added to the process after the output signal from the 
collision detection means 1A and 1B exceeds the 
threshold, this copes with outputs having high frequency 
components as compared with noises or actual signal 
change, thus exhibiting the effect in which the erroneous 
judgement caused by noises is prevented by the inte- 
gration, as in the fifth embodiment. 
[0210] Further, in the collision discriminating appara- 
tus for vehicles according to the sixth embodiment, there 
exhibits the effect in which when the integrated value 
IX is equal or exceeds the reference value R, the mode 
is shifted to the judgement for first operating the protec- 
tive device, and in case of others, the mode is returned 
to the initial monitoring mode. 

(Seventh Embodiment) 

[021 1 ] The collision discriminating apparatus for vehi- 
cles according to a seventh embodiment is an embodi- 
ment belonging to the second aspect, which is different 
in that as shown in FIGS. 21 and 22, the first and second 
collision detection means 1 A and 1 B are juxtaposed so 
that central portions are superposed on upper and lower 
portions in the bumper 100, the region are separated 
into three regions A to C to enable detection of collision. 
The difference will be mainly explained below. 
[0212] The electrostatic capacity detection circuits 
1 54 and 1 5B are connected to the first and second col- 
lision detection means 1 A and 1 B, respectively, and the 
electrostatic capacity value is converted into a voltage 
for detect ion of electrostatic capacity, which is output to 
the collision object presuming means 2 for performing 
the judgement as shown in FIG. 22. 
[021 3] The collision object presuming means 2 is set 
so as to discriminate the collision strength based on the 
output from the first and second detection means, colli- 
sion objects of a pedestrian, a pole, and a vehicle ac- 
cording to the collision regions (A, B, C), the kind of col- 
lisions (front, offset, rear-end collision) and the collision 
position as shown in FIG. 22. The method for determin- 
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ing ranks of the collision strength from the sensor output 
is similar to that of the fifth and sixth embodiments, 
which explanation is therefore omitted. 
[0214] In the collision discriminating apparatus ac- 
cording to the seventh embodiment, since two collision 
detection sensors are arranged so that they are over- 
lapped upper and lower portions in the center, there ex- 
hibits the effect capable of discriminating the kind of col- 
lisions and the collision position at three locations width- 
wise as shown in FIG. 22. 

(Eighth Embodiment) 



^27iC f R f 2kC x R^ K ' 

f: frequency (Hz) of a sine wave signal 
10 Cf, Cx: sensor portion, electrostatic capacity (F) of 
capacitor 

Rf, R1 : electric resistance (ft) 



[0215] The collision discriminating apparatus for ve- 
hicles according to an eighth embodiment is an embod- 
iment belonging to the second aspect, in which as 
shown in FIGS. 23 to 25, an electrostatic capacity de- 
tection circuit 15 constituting the collision detection 
means 1 is constituted by an electrostatic capacity de- 
tection portion 151, an electrostatic capacity change 
rate operation means circuit 152, and a threshold-over 
decision circuit 153. 

[0216] The electrostatic capacity detection portion 
151 comprises, as shown in FIG. 24, an inverted ampli- 
fication circuit 1511 of an OP amplifier for amplifying an 
electrostatic capacity output from the electrostatic ca- 
pacity detection sensor 1 4 to output an amplified output 

B, a rectifier circuit 1 512 of an OP amplifier for half-wave 
rectifying the amplified electrostatic capacity output to 
output a half-wave rectified electrostatic capacity output 

C, and a smoothing circuit 1513 of an OP azplifier for 
smoothing the half-wave rectified electrostatic capacity 
output D. 

[0217] The electrostatic capacity change rate opera- 
tion means circuit 152 is constituted by a differentiating 
circuit 1521 comprising a CR circuit for differentiating a 
DC output X including a variation portion resulting from 
the collision output from the smoothing circuit 1513 to 
output the differentiated output Y, and the threshold- 
over decision circuit 153 is constituted by a comparison 
circuit comprising an operation amplifier 1531 for com- 
paring a threshold set by a variable resistor 1532 with 
the differentiated DC output X to output a pulse-like trig- 
ger output Z. 

[0218] A sine wave signal A from an oscillator 140 is 
amplified in amplitude to about -(Cx/Cf) by the inverted 
amplifier circuit 1511 of OP amplifier, and an amplified 
signal B is output. A half-wave rectified output C is out- 
put by the half-wave rectifier circuit 1 51 2 of OP amplifier, 
and output as a DC signal D proportional to the ampli- 
tude value by the smoothing circuit 1 51 3 of OP amplifier 
of the final group. 

[0219] However, a frequency f of the sine wave signal 
of the oscillator 1 40 and a circuit constant of the inverted 
amplifier circuit 1511 of OP amplifier (OP1) are neces- 
sary to fulfill the conditions shown in the number 1 and 
the number 2 below. 



[0220] The output X which is the DC signal D of the 
electrostatic capacity detection circuit is differentiated 
by the differentiating circuit 1 521 comprising a capacitor 
and a resistor branched at a downstream end of the ca- 
pacitor to obtain the output change rate Y, as shown in 
FIG. 24. Further, it is compared with a threshold E by 
the comparison circuit 1531 by the OP amplifier, and at 
the time exceeding the threshold, a trigger signal output 
Z is output. The threshold E is set by a variable resistor 
1532 provided between a constant voltage terminal and 
an earth. 

[0221] The collision discriminating apparatus for ve- 
hicles according to the eighth embodiment is measured 
for the case where a sampling period is rough in com- 
parison with the phenomenon of collision, and is to proc- 
ess as much as possible in an analog circuit for convert- 
ing an electrostatic capacity into a voltage, here, the col- 
lision is always monitored by the analog circuit, and 
when an analog output from the collision detection 
means 1 reaches a certain level, a trigger signal is gen- 
erated. 

[0222] The collision discrimination algorism accord- 
ing to the digital process in the collision object presum- 
ing means 2 is started by the trigger signal. The analog 
circuit is allowed to have a function for differentiating a 
sensor output, and a differentiated signal Y together with 
an electrostatic capacity output signal and a trigger sig- 
nal are input into the collision object presuming means 
2 for the digital process. 

[0223] The discrimination algorism according to the 
eighth embodiment will be explained below. The afore- 
mentioned embodiment is characterized by a portion 
which starts the operation processing with collision dis- 
crimination ECU by a trigger signal (Z) from an analog 
circuit constituting the external collision detection 
means 1 and a portion for reading the output change 
rate in addition to the output of the collision sensor. 
[0224] In the present algorism, in Step 4022, next data 
are read by the output change rate Y0 of time TO at 
which a trigger signal issues exceeding a threshold, and 
in Step 4032, the data read time T1 can be corrected 
within the time (T1=T0+At) determined by the vehicle 
speed. For example, there is a great difference in the 
sensor output change between the collision with a pe- 
destrian and the rear-end collision with a stopping vehi- 
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cle. Determining this merely by the vehicle speed sim- 
ply, the quick phenomenon cannot be grasped. Or the 
slow phenomenon cannot be detected with accuracy by 
the resolution or the like. Therefore, in Step 4042, a de- 
sirable At is determined from the output change rate AX 5 
per unit time when exceeding the threshold, whereby 
the precision of discrimination and the discrimination 
speed are enhanced though collided. 
[0225] In Step 4052, judgement is made if the pres- 
sure increment rate AX exceeds the minimum reference 
value Xr for operating some protective device. If not ex- 
ceeding, the mode is returned to the monitoring mode 
again. 

[0226] Further, the characterizing portion is that when 
whether a pedestrian or a small<Jiameter fixed support 
pole is judged after judgement of the collision strength 
E, in Steps 4072 and 4082, the output change rate Y1 
at the time T1 is read to discriminate both the bodies by 
whether or not the output change rate Y1 is larger than 
the target value Yr. As shown in FIG. 1 5, since the judge- 
ment can be made at the stage of T1 without delaying 
the judgement of a pedestrian by T2, the operation of 
the protective device can be quickened. 
[0227] The discrimination algorism in a modified ex- 
ample of the eighth embodiment is mainly different in 
that Steps 4012 to 4052 of the discrimination algorism 
of the eighth embodiment are changed into Steps 1012 
to 2022 of the sixth embodiment, as shown in FIG. 26. 
The erroneous judgement preventive algorism due to 
the noise described in the fifth. embodiment shown in 
FIG. 15 is added to the eighth embodiment shown in 
FIG. 25. 

(Ninth Embodiment) 

[0228] The collision discriminating apparatus for ve- 
hicles according to a ninth embodiment is an embodi- 
ment belonging to the third aspect, in which a floating 
capacity change prior to collision with the human body 
of a pedestrian or the like is detected by a second elec- 
trostatic capacity type collision detection sensor 142 as 
shown in FIGS. 27 and 28. 

[0229] The precision of discrimination between a pe- 
destrian and a soft center pole or a pylon is enhanced. 
The second electrostatic capacity type sensor 142 is 
mounted on the surface of the bumper 100 in order to 
detect the floating capacity change or disposed at a po- 
sition very close to the bumper surface, and detects, pri- 
or to collision, a change of a floating capacity C gener- 
ated between one electrode 1 421 on the pedestrian side 
out of a pair of electrodes 1421 and 1422 disposed op- 
posedly at fixed intervals and the pedestrian. 
[0230] The algorism of the collision discriminating ap- 
paratus for vehicles according to the ninth embodiment 
is that the algorism, in which as shown in FIG. 28, a 
change of a floating capacity prior to collision with the 
human body of a pedestrian or the like is read by the 
second electrostatic capacity type collision detection 



sensor, in Step 5012 outputs resulting from the floating 
capacity within the time immediately before collision are 
integrated, and in Step 5022 if the total amount (XCf) 
exceeds the target value (Cr), judgement is made to be 
a pedestrian, is added to the algorism of the fifth em- 
bodiment. In the ninth embodiment, the floating capacity 
is integrated for some time, but the maximum valve with- 
in the time may be used. Others are the same as FIG. 
15. 

[0231] In the collision discriminating apparatus for ve- 
hicles according to the ninth embodiment, the second 
electrostatic capacity detection sensor detects, prior to 
collision, a floating capacity generated between one 
electrode of the electrostatic capacity type collision de- 
tection sensor portion and a pedestrian, and the discrim- 
ination means compares, before a pedestrian or an ob- 
stacle comes in collision with the collision surface of the 
collision detection means, the output value of the float- 
ing capacity from the electrostatic capacity detection cir- 
cuit with the threshold to thereby discriminate a person 
from the obstacle. This exhibits the effect to render the 
collision object possible to discriminate the person from 
the obstacle prior to collision. 

(Tenth Embodiment) 

[0232] The collision discriminating apparatus for ve- 
hicles in a tenth embodiment according to a fourth as- 
pect comprises, as shown in FIGS. 29 to 32, a pressure 
sensor 3F in which a collision detection means 1 as a 
detection portion is mounted on the bumper 100 of a 
vehicle 100V, which is formed with a collision sensitive 
tube 2F as a chamber filled with a incompressive fluid 
and deformable according to collision with a collision ob- 
ject and which detects pressure in the collision sensitive 
tube 2F at the time of collision with the collision object; 
and a judgement means 2 provided with a collision ob- 
ject presuming means 40 for presuming the collision ob- 
ject by a rising pattern of pressure waveform due to the 
collision of the collision object on the basis of a pressure 
variation in the collision sensitive tube 2F according to 
the collision with the collision object detected by the 
pressure sensor 3F. 

[0233] The collision discriminating apparatus for ve- 
hicles according to the tenth embodiment is provided 
with protective devices for a pedestrian and an occupant 
as shown in FIG. 29. The vehicle body acceleration is 
used for discrimination of collision, and the occupant 
protective device is operated in a plurality of modes. 
[0234] The collision detection means according to the 
tenth embodiment comprises a construction and a sen- 
sor arrangement as shown in FIGS. 30 to 32. The colli- 
sion sensitive tube 2F has an elliptic or a circular cross- 
section as shown in FIGS. 30 and 31 , and is embedded 
in the bumper 10 so as to extend over one width direc- 
tion as shown in FIG. 32. The pressure sensor 3F is dis- 
posed in the central portion of the collision sensitive tube 
2F, and a change in internal pressure in the collision sen- 
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sitive tube 2F is detected by the pressure sensor 3F 
[0235] As shown in FIGS. 30 to 32, the collision sen- 
sitive tube 2F is inserted and arranged between a hard 
shock absorbing member 11 F for relieving the shock of 
the vehicle collision inserted in the bumper 10 and a soft 
shock absorbing member 1 2F for relieving the shock of 
legs of a pedestrian. In the collision sensitive tube 2F, 
the surface of the tube which is high in airtightness and 
soft is coated with a fibrous reinforcing member (blade) 
so as to minimize tangential and axial extensions with 
respect to the change in internal pressure. The radial 
and axial extensions lower the sensitivity of the collision 
sensitive tube and should be minimized under the con- 
ditions that not impair deformation of the tube in a pro- 
ceeding direction of the vehicle. 
[0236] The collision sensitive tube 2F employs the 
constitution of the detection portion of the collision de- 
tection means 1 as described above whereby to precise- 
ly sense even collision in the weak and narrow range 
such that a pedestrian collides. 
[0237] The judgement means 2 comprises, as shown 
in FIG. 29, the pressure sensor 3F for detecting the 
change in pressure in the collision sensitive tube 2F of 
the collision detection means 1 . an acceleration sensor 
201 for detecting acceleration of the vehicle body, a 
sampling means 25 connected to the vehicle speed sen- 
sor 3 for detecting the speed of the vehicle to perform 
sampling of detection signals every sampling time, a 
memory means 26 for storing various reference values, 
a threshold and other data, an operation processing 
means 27 provided with a function as a collision object 
presuming means 40 for comparing sampling signals 
from the sampling means with the stored various refer- 
ence values, a threshold, etc. at the memory means 26 
to presume the collision object and the collision 
strength, and a protective device selection means 28 for 
selecting a protective device to be operated on the basis 
of the collision object presumed. 
[0238] The control means 7 for the pedestrian protec- 
tion is connected to the protective device selection 
means 28 as shown in FIG. 29, and when the collision 
object is presumed to be a pedestrian, outputs a control 
signal to an actuator 71 for swinging the bonnet 101 in 
a clockwise direction. 

[0239] A dual mode occupant protective device 6 is 
connected to the protective device selection means 28 
as shown in FIG. 29, and if the collision object is pre- 
sumed to be an obstacle or a vehicle, outputs a control 
signal to actuate a gas bag (not shown). 
[0240] The collision discrimination algorism of the col- 
lision discriminating apparatus for vehicles according to 
the tenth embodiment constructed as described above 
will be explained with reference to FIG. 33. 
[0241] In Step 1013, a collision detection output X 
from the sampling means 25 and a vehicle speed Vc 
detected by the vehicle speed sensor 3 are read, and in 
Step 1023, a threshold Xr, a judgement time coefficient 
m, and a discrimination coefficient a on the basis of the 
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vehicle speed Vc read from the memory means 26 are 
read. 

[0242] In Step 1033, judgement is made if I is 1 . If not 
1, in Step 1043, judgement is made if the collision de- 
5 tection output X from the sampling means 25 is larger 
than the threshold Xr, and if larger, in Step 1053, T0=T, 
X0=X, and 1=1 are indicated. 

[0243] If the judgement in Step 1 033 is 1 , in Step 1 063 
data X from the collision detection means 1 are integrat- 
ed. In Step 1 073, judgement is made if the time exceeds 
TO+m ' At, and if exceeds, in Step 1083, judgement is 
made if the integrated data EX exceeds the reference 
value R. 

[0244] If exceeds, in Step 1093, the detection data X 
of the time T1 ( TO+m • At) after m • At from the time TO 
is read as X1 , and in Step 1103, the signal change rate 
AX1 (=X1 -X0) is calculated. 

[0245] In Step 1113, collision levels 1 to 3 and refer- 
ence values of accelerations I and II according to the 
vehicle speed Vc are read from the memory means. In 
Step 1 1 23, judgement is made if the signal change rate 
AX1 is below a level 1 , and if below a level 1 , in Step 
1133, as the collision strength E, judgement is made if 
the vehicle speed Vc exceeds the reference vehicle 
speed Vr. If exceeds, judgement is made to be a pedes- 
trian protective mode, and the judgement result is out- 
put. 

[0246] If the signal change rate AX1 is not below a 
level 1 , in Step 11 43 the judgement is made if it is below 
a level 2. If below a level , judgement is made to be the 
collision against a fixed support pole or the like as the 
collision strength D to judge the occupant protective 
mode, and the judgement result is output. 
[0247] If the signal change rate AX1 is not below a 
level 2, in Step 11 53 the judgement is made if it is below 
a level 3. If below a level 3, judgement is made to be an 
occupant protective mode according to the collision 
strength as the collision strength C, and the judgement 
result is output. 

[0248] If the signal change rate AX1 is above a level 
3, in Step 1 1 63 it is read as a vehicle speed acceleration 
Y2 a vehicle acceleration Y at the time of T2 after n • At 
from the time T1 . 

[0249] In Step 1 1 73, the judgement is made if the read 
vehicle body acceleration data Y2 exceeds a level 1 of 
acceleration. If not exceeded, the judgement is made to 
be an occupant protective mode according to the colli- 
sion strength as the collision strength C, and the judge- 
ment result is output. 

[0250] If the vehicle body acceleration data Y2 ex- 
ceeds a level I of acceleration, In Step 1183 the judge- 
ment is made if the vehicle body acceleration data Y2 
exceeds a level II of acceleration. If not exceeded, the 
judgement is made to be an occupant protective mode 
according to the collision strength as the collision 
strength B, and the judgement result is output. 
[0251] If the vehicle body acceleration data Y2 ex- 
ceeds a level II of acceleration, the judgement is made 
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to be an occupant protective mode according to the col- 
lision strength as the collision strength A, and the judge- 
ment result is output. 

[0252] FIGS. 34 and 35 show pressure waveforms 
which are outputs every typical kinds of collision objects 
(collided bodies) detected by the collision detection 
means 1. FIG. 34 is for the objects to collision with a 
pedestrian, or an offset vehicle, or a confront vehicle 
without offset and shows the difference in collision de- 
tection output at the time T1 after m • At(At is sampling 
time period) after exceeding the threshold by the collid- 
ed body. FIG. 35 shows the output at the time of collision 
with both longitudinally elongated pedestrian and elec- 
tricity pole, in which a difference in magnitude of output 
X1 at the time T1 is considered. 
[0253] The collision discriminating apparatus for ve- 
hicles according to the tenth embodiment exhibiting the 
above-described operation is characterized by the 
judgement of the collision strength from both pressure 
signal which is an output at the time of collision from a 
single pressure sensor 3 and vehicle body acceleration. 
[0254] The collision discriminating apparatus for ve- 
hicles according to the tenth embodiment exhibits the 
effect that particularly, for starting the operation of the 
occupant protective device as quick as possible, the col- 
lision strength from the output (pressure signal) of the 
collision detection means at the time T1 is divided into 
three stages (E, D, and C), and if above collision level 
3 (collision strength C), instructions are issued so that 
the occupant protective device can be developed with 
minimum power. 

[0255] The collision discriminating apparatus for ve- 
hicles according to the tenth embodiment exhibits the 
effect that the vehicle body acceleration at the time T2 
at which the vehicle body is greatly deformed by the col- 
lision to increase the vehicle body acceleration is read, 
and the collision strength is looked over from the accel- 
eration; and since the collision strength is judged in 
three stages (C, B, and A). If the collision strength (Bor 
A) at the time T2 is greater than the collision strength C 
judged at the time T1 , instructions are issued so as to 
increase the magnitude of the developing power output 
of the occupant protective device to enable the opera- 
tion of the occupant protective device in the dual mode. 
[0256] Further, the collision discriminating apparatus 
for vehicles according to the tenth embodiment can start 
the operation in a quick timing in comparison with the 
conventional system in which the final operation of the 
occupant protective device is judged merely by the ac- 
celeration, and therefore, the air bag or the like can be 
actuated with low power. This leads to the effect that the 
operating force unnecessary for an occupant or the op- 
eration of the shock force can be relieved. 

(Eleventh Embodiment) 

[0257] The collision discriminating apparatus for ve- 
hicles according to an eleventh embodiment is that a 
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collision detection means is constituted by a single col- 
lision sensitive tube 2F and two pressure sensors 31 
and 32 as shown in FIG. 36. That is, the eleventh em- 
bodiment is different from the tenth embodiment in that 

5 the first and second sensors 31 and 32 are arranged on 
opposite sides of the collision sensitive tube 2F. The dif- 
ference will be mainly explained below. 
[0258] The sensor arrangement in the eleventh em- 
bodiment is to assume a collision position and a collided 

10 body from a difference in time between outputs of the 
first pressure sensor 31 and the second pressure sensor 
32 and the magnitude of the change rate. 
[0259] The propagation speed of pressure is approx- 
imately 50 to 300 m/s though it differs with the collision 

is sensitive tube 2F and the rigidity of the shock absorbing 
members therearound. Therefore, if the width of the col- 
lision sensitive tube 2F is 1 .5 m, the time for propagating 
there is 0.03 to 0.05 second. Of course, the amplitude 
of the pressure is attenuated in inverse proportion to the 

20 propagation time as shown in FIG. 39. A filler is prefer- 
ably a incompressive fluid. 

[0260] FIGS. 37 and 38 show a modified example of 
the sensor arrangement in the 11th embodiment, in 
which two collision sensitive tubes 21 F and 22F are ex- 

25 tended in the width direction at upper and lower portions 
of a collision part, and two pressure sensors 31 and 32 
are arranged on different side ends thereof. This also 
results in the result similar to FIG. 33. If the length of the 
collision sensitive tubes 21 F and 22F is 2/3 of the overall 

30 width of the vehicle, the discrimination precision of the 
collision position widthwise is further enhanced. 
[0261] FIGS. 39 and 40 show a modified example of 
the collision detection means comprising a plurality of 
collision detection chambers (expansion chambers i.e. 

35 cylindrical bellows) and pressure sensors. In this modi- 
fication, there is constituted by five detection units 2 A to 
2E, each detection unit contacting a sheet-like plate 2F 
formed of a soft resin. 

[0262] This plate has a function such that even when 
40 a longitudinally elongated collision body comes into col- 
lision with and between the detection units, it can be suf- 
ficiently detected by the detection units on both sides of 
the collided part. Further, the influence caused by the 
collision does not exert on both sides. Into the expansion 
^5 chamber is sealed a compressive fluid such as nitrogen 
gas which softly receives an operating force with respect 
to compression in an axial direction of the chamber. 
However, if the expansion chamber is high in expanda- 
bility in a radial direction, a incompressive liquid is pref- 
50 erable. 

[0263] FIGS. 41 and 42 show output waveforms of 
pressures in the sensor arrangement in the embodi- 
ments shown in FIGS. 36 or 37 and 38 and modified 
examples. 

55 [0264] FIG. 41 shows an example of a collision with 
a vehicle having rugged portions on the collided surface, 
showing that a sensor which first exceeds a threshold 
is not always high at T1 which is the next sampling time. 
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Therefore, it is necessary to compare the magnitude of 
output again at time T1 , and evaluation for a greater one 
is necessary. 

[0265] FIG. 42 shows an example in which a pedes- 
trian collides with the first pressure sensor side from the 
center, and on the second pressure side, the time delay 
and the attenuation of output occur. 
[0266] FIG. 43 shows a collision discrimination algo- 
rism corresponding to the collision detection means in 
which two pressure sensors are arranged on both sides 
of a part which is apt to collide. 
[0267] This discrimination algorism can accurately 
extract the characteristics of the collided body from 
pressure values of two pressure sensors to operate the 
protective device. Let XL be the output of the first pres- 
sure sensor on the left hand, and XR be the output of 
the second pressure sensor on the right hand, and the 
collided body can be presumed accurately from the 
characteristics of the difference in magnitude between 
both outputs, the time delay and the like. 
[0268] When comparison is first made if the value ex- 
ceeds a threshold, higher one out of two left and right 
sensor outputs is selected as X. 
[0269] At time T1 , outputs from two sensors are read, 
large output is read as XR1 , SL1 at X1, and increments 
from time TO are indicated at AXL and AXR, respectively. 
The large increment is indicated at AX, which is used for 
discrimination of the collision strength. 
[0270] In the case where judgement is made to be the 
collision strength E when AX is not more than level 1, 
and in the case where in Step 1133, the vehicle speed 
Vc is slower than the vehicle speed Vr of the threshold, 
the routine is returned to the routine of the monitoring 
mode again without operating any protective device. In 
the case of running at the vehicle speed over Vr, and in 
the case of the collision strength E, a collision with a 
pedestrian or a fixed support pole such as an electricity 
pole or weak collision with a rear-end of vehicle is con- 
sidered. Therefore, in Step 1243, judgement is made if 
the large output value after the time n times of sampling 
time period At from the time T1 is larger or smaller than 
a (<1 .0) times of output X1 at the time T1 . The discrim- 
ination is made if the collided object is a pedestrian or 
a fixed support pole or the like according to the result of 
judgement. 

[0271] When the pedestrian protective device and the 
occupant protective device are operated, a collision po- 
sition is presumed from two pressure sensors in accord- 
ance with a fixed logic to precisely operate necessary 
protective device. 

[0272] Further, in Step 1 253, judgement is made if the 
signal change rate AX is below 4. If below a level 4, 
judgement is made of an occupant protective mode ac- 
cording to an output difference between two pressure 
sensors and the collision strength as the collision 
strength B, and the judgement result is output. If over a 
level 4, judgement is made of an occupant protective 
mode according to an output difference between two 



pressure sensors and the collision strength as the colli- 
sion strength A, and the judgement result is output. 

(Twelfth Embodiment) 

5 

[0273] The collision discriminating apparatus accord- 
ing to the 12th embodiment is provided with a collision 
detection means shown in FIG. 44, in which two pres- 
sure switches 31 and 32 which are different in setting 

10 are mounted on a single collision sensitive tube 2. And 
a collided body between a pedestrian and others is dis- 
criminated from turning ON and OFF of these switches. 
[0274] An operating tale as one example of the colli- 
sion discrimination is set so that the first pressure switch 

is 31 senses in excess of a degree of collision of a pedes- 
trian, that is, naturally senses a collision with a weight 
body such as a vehicle, and the second pressure switch 
32 senses a collision with a weight body such as a ve- 
hicle but does not sense a collision with a pedestrian. 

20 [0275] In the collision discriminating apparatus ac- 
cording to the 12th embodiment, since the first and sec- 
ond pressure switches 31 and 32 are set as described 
above, there exhibits the effect that positive discrimina- 
tion can be made at lowest cost with respect to the ve- 

25 hide which runs at fixed speed. 

(Thirteenth Embodiment) 

[0276] The collision discriminating apparatus accord- 
30 jng to the 1 3th embodiment is different from the previous 
embodiment in that as shown in FIG. 45, a relative 
speed (Vs) immediately before collision with an obstacle 
collided is stored and detected, and a speed (Va) in a 
moving direction is calculated from information there- 
35 from. The difference is mainly explained below. 

[0277] The collision object presuming means accord- 
ing to the 1 3th embodiment is different from the previous 
embodiment in that a relative speed detection means 
202 is disposed in place of the vehicle body acceleration 
40 sensor 201 , and a sampling means 25 together with an 
operation processing means 27 are connected to a 
memory means 26. 

[0278] The 1 3th embodiment is characterized in that 
a relative speed in place of a vehicle body acceleration 

45 is taken in by the sampling means 25, and the relative 
speed is stored for a period of fixed time in the memory 
means 26. This storing period is about 2 seconds be- 
cause data up to data before 1 second from the time at 
which the output of the collision detection means ex- 

50 ceeds the threshold are used. 

[0279] The detection of the relative speed is carried 
out by a radar system, a supersonic system, a laser 
beam system and the like. Here, a radar system em- 
ployed in an autocruise control system for protecting the 

55 distance between cars is used as an example. 

[0280] In the 13th embodiment, the difference from 
the collision discrimination algorism in the above-de- 
scribed embodiments will be mainly explained below 
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with reference to FIG. 46. 
[0281] In Step 1413, judgement is made if the relative 
speed Vs detected by the relative speed detection 
means 202 is higher than the reference vehicle speed 
Vr. If higher, the procedure shifts to Step 1023. 
[0282] In Step 1 423, a speed in a moving direction Va 
(=Vc-Vs) of a collided opposing vehicle is calculated, 
and in Step 1113, reference values of levels I to 4 ac- 
cording to Vs before the fixed time from TO are read in 
the memory means. 

[0283] In Step 1 1 23, judgement is made if the output 
change amount AX is smaller than a level 1. If small, 
judgement is made to be the collision strength E. In Step 
1433, judgement is made if an absolute value of the 
speed in a moving direction va of a collided opposing 
vehicle is larger than a level VO. 
[0284] If small on low capability of weak collision with 
the rear end of the vehicle, in Step 1263, output data at 
time T2 (=T1 -n • At) are read as X2. In Step 1 243, judge- 
ment is made if the read output data X2 is smaller than 
aX1. 

[0285] That is, the collision discrimination algorism in 
the 13th embodiment makes use of information of the 
relative speed with the collided body, and the speed of 
the opposing obstacle calculated therefrom. The algo- 
rism in the 13th embodiment more clarifies the discrim- 
ination between a weak rear-end collision with the vehi- 
cle going ahead and a collision with a pedestrian. The 
main features are as follows: 

[0286] A collision level is judged according to the rel- 
ative speeds of one collided and one immediately before 
being collided. That is, at the time T1, an increment AX 
from the time TO at which exceeding the threshold of the 
output tube X of the collision detection means is ob- 
tained, and the collision strength is divided into 5 ranks 
A to E by the comparison if the increment is at which 
level with respect to the reference value according to 
the relative speed. 

[0287] Further, in the collision strength E, the collision 
with a pedestrian and a fixed support pole are divided 
from the speed va immediately before the collision of a 
collided opposing vehicle. In the case where the oppos- 
ing speed, other than the collision with a pedestrian or 
a fixed support pole or the like, is above a level V0, 
judgement is made to be a weak rear-end collision. In 
this case, since the collision strength E is at a level par- 
ticularly not requiring an auxiliary occupant protective 
device such as an air bag, the mode is returned to the 
monitoring mode again. 

[0288] The collision discriminating apparatus for ve- 
hicles according to the 13th embodiment exhibiting the 
above-described operation exhibits the effect that nec- 
essary protective devices are operated at precise 
speeds and an occupant and a pedestrian are protected 
in a most safety manner by the judgement in accordance 
with the relative speed, that is, the speed in a moving 
direction as described above. Particularly, there is an 
effect that an erroneous operation can be prevented in 
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the case where there is an output of the collision detec- 
tion means close to the collision with a pedestrian in a 
weak rear-end collision with the vehicle. 
[0289] That is, the collision discriminating apparatus 
5 for vehicles according to the 1 3th embodiment has an 
effect that particularly, an erroneous operation can be 
prevented in the case where there is an output of the 
collision detection means close to the collision with a 
pedestrian in a weak rear-end collision with the vehicle, 
exhibiting the effect that more delicate operation of the 
protective device becomes enabled. 
[0290] Further, in the collision discriminating appara- 
tus for vehicles according to the 1 3th embodiment, if the 
vehicle body acceleration is taken in as information of 
the discrimination device as in the above-described 1 1 th 
embodiment, the discrimination precision can be ex- 
pected to be further enhanced. 

(Fourteenth Embodiment) 

[0291] The collision discriminating apparatus for ve- 
hicles in the 1 4th embodiment according to a fifth aspect 
comprises, as shown in FIGS. 47 to 50, a collision de- 
tection means 1 comprising an electric circuit network 
10R comprising a plurality of detection regions 11 R, 
1 2R, and 1 3R arranged in a bumper 1 00 in an outer pe- 
ripheral portion of a vehicle 100V, a voltage application 
circuit 1 4G for applying a voltage to respective detection 
regions, a voltage detection circuit 15G for detecting a 
voltage value in respective detection regions after colli- 
sion, a collision object presuming means 2 comprising 
an addition circuit 29 for adding voltage values in re- 
spective detection regions after collision detected and 
acomparison circuit 23 for comparing the voltage values 
of respective detection regions after collision as the ad- 
dition result with the regulation value to select the pres- 
ence or absence of collision and the protective device 
to be operated, a pedestrian protective device 8 for pro- 
tecting the collided pedestrian, and an occupant protec- 
tive device 6 for protecting an occupant. 
[0292] The electric circuit network 10R comprises 
conductive wires coated with insulator 11 1 R to 1 33 and 
resistors 1 1 0R to 1 30R as shown in FIGS. 47 to 51 , and 
is broken (sheared) by the shock of collision at the time 
of collision. A conductive channel of the electric circuit 
network 10R is changed due to the rupture (breakage) 
so that a voltage value detected by the voltage detection 
circuit 15G is changed. The conductive wires coated 
with insulator and the resistance values of the resistors 
are set to be different in magnitude every detection re- 
gion, and the voltage values detected by the voltage de- 
tection circuit 1 5G are different according to the conduc- 
tive channel. 

[0293] That is, in the electric circuit network 10R 
shown in FIG. 51, the first detection region has resistor 
110R=10 K Q, conductive wire coated with insulator 
111 R= 10 KQ, conductive wire coated with insulator 
11 2R= 1 5 KQ, and conductive wire coated with insulator 
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113R= 20 Kfi; the second detection region has resistor 
120R=10 KC1, conductive wire coated with insulator 
121R= 30 Kft, conductive wire coated with insulator 
1 22R= 35 Kft, and conductive wire coated with insulator 
123R= 40 KQ. ; and the third detection region has resis- 
tor 130R=10 KQ, conductive wire coated with insulator 
131R= 70 KQ, conductive wire coated with insulator 
1 32R= 75 KH, and conductive wire coated with insulator 
133R= 80 KH. 

[0294] The collision detection means 1 comprises, as 
shown in FIG. 48, a plurality of cutting members 16 hav- 
ing a generally T-shape longitudinal section arranged in 
a width direction of the vehicle within the bumper 100, 
a guide 1 7 into which interposed a projecting portion 161 
of the cutting member 16, a spring 18 for biasing the 
projecting portion of the cutting member forward in a 
moving direction of the vehicle, and conductive wires 
coated with insulator 1 1 1 R to 1 33R constituting the elec- 
tric circuit network 10R disposed on the guide 17 at a 
position to be cut by the rear end of the projecting portion 
161 of the cutting member when said cutting member is 
pressed rearward in a moving direction of the vehicle 
when the cutting member collides with the collision ob- 
ject. At the time of collision, the cutting member 16 is 
pressed by the collision object so that the projecting por- 
tion 161 of the cutting member 16 moves within the 
guide 17 whereby the conductive wire coated with insu- 
lator is cut to thereby cutoff the conductive channel. 
[0295] The shape of the guide 1 7 in which the project- 
ing portion 161 of the cutting member 16 is interposed 
may be cylindrical or rectangular as shown, for example, 
in FIG. 49 or 50, and can be suitably selected. 
[0296] In the collision object presuming means 2, the 
addition results of the addition circuit 29 for adding volt- 
age values detected by the voltage detection circuit 1 5G 
are compared with the regulation value by the compar- 
ison circuit 23 to know how the conductive channel 
changed due to the collision and to presume a degree 
of breakage of the electric circuit network 10R. that is, 
the collision state and the collision object. Whether the 
occupant protective device 6 is operated or the pedes- 
trian protective device 8 is operated is determined on 
the basis of the results of presumption. 
[0297] The procedure of processing for the judgement 
in the collision object presuming means 2 and the pre- 
sumption of the collision object will be explained below 
with reference to a chart diagram of FIG. 52. FIG. 52 is 
an example of a processing chart at the time of a front 
collision trouble, in which the present invention is ap- 
plied to the bumper 100. 

[0298] In FIG. 52, voltages at a fixed portion of the 
electric circuit network 10R are added by the addition 
circuit 29, and the added value is subjected to sampling. 
If below a fixed value, processing is carried out. The 
added value is examined after a predetermined delay 
time, and the vehicle speed is further examined to there- 
by determine whether the occupant protective device is 
operated or the pedestrian protective device is operat- 



52 
ed. 

[0299] In Step 1014, judgement is made if the addition 
output of the addition circuit 29 detected by the compar- 
ison circuit 23 is less than a discrimination start level 

s shown in FIG. 52. If less than a discrimination start level, 
in Step 1024, judgement is made if the delay time which 
varies with the vehicle speed has passed. 
[0300] If the delay time has passed, in Step 1034, 
judgement is made if the vehicle stops. If stopping, the 

10 occupant protective device corresponding to a front col- 
lision, a right-flank collision or a left-flank collision is op- 
erated. 

[0301] In Step 1044, judgement is made if a level of 
the addition output of the addition circuit 29 is less than 

15 a pedestrian discrimination level. If at the pedestrian dis- 
crimination level, the pedestrian protective device 8 is 
operated, and if less than the pedestrian discrimination 
level (the breakage of the electric circuit network 10R is 
large), the occupant protective device 6 is operated. 

20 [0302] In the collision discriminating apparatus for ve- 
hicles according to the 1 4th embodiment constructed as 
described above, the conductive wires coated with in- 
sulator 1 1 1 R to 1 33R are cut by the cutting members 1 6 
due to the collision whereby the conductive channel of 

25 the electric circuit network 10R disposed within the 
bumper 100 is cutoff. The collision position of the collid- 
ed body against the bumper, the size of the collided body 
and the collision force, etc. are presume making use of 
the fact that the resistance of the electric circuit network 

so 1 0R changes. 

[0303] The aforementioned presumption is carried 
out according to the changing circumstances of the out- 
put of the addition circuit. More specifically, as shown in 
FIG. 53, this is carried out in a manner such that the 

35 delay time and the discrimination level are changed ac- 
cording to operating information (vehicle speed, braking 
force and the like). 

[0304] The pedestrian protective device 8 for protect- 
ing a collided pedestrian which is a safety protective de- 
vice and the occupant protective device 6 for protecting 
an occupant are selectively operated on the basis of in- 
formation relating to the collision body presumed. 
[0305] The collision discriminating apparatus for ve- 
hicles according to the 14th embodiment exhibiting the 

45 operation as described above presumes the collision 
state by the change in conductive channel due to the 
breakage of the electric circuit network 10R resulting 
from the collision with the collision object. This exhibits 
the effect that the precision and reliability of the collision 

50 detection are enhanced, the occupant protection or the 
pedestrian protection can be selected positively, and the 
safety can be enhanced. 

[0306] Further, in the collision discriminating appara- 
tus for vehicles according to the 14th embodiment, the 
55 electric circuit network 10R is constituted by the conduc- 
tive wires coated with insulator and the resistors. This 
exhibits the effect that miniaturization and lower cost 
can be easily attained. 
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[0307] Further, in the collision discriminating appara- 
tus for vehicles according to the 1 4th embodiment, since 
the cutting member 16 moves while receiving the drag 
caused by the biasing force of the spring (elastic mem- 
ber 1 8, the collision force for cutting the conductive wire s 
coated with insulator can be changed by changes of a 
biasing force and a spring constant of the spring (elastic 
member)18, and material of the elastic member and oth- 
ers. 

[0308] Further, a plurality of sensors constituting the 10 
collision detection means 1 are arranged widthwise of 
the vehicle of the bumper 100, whereby the collision po- 
sition of the collided object against the bumper, and the 
size of the collided body are presumed from the width 
size of the collision object and the collision position with 1$ 
the bumper to specify whether the collision object is a 
pedestrian or a vehicle or other obstacles. 
[0309] That is, in FIG. 54 showing an output example 
of the addition circuit in the case where the power volt- 
age is 1 2V, symbol □ indicates an output example of the 20 
addition circuit in the case where the collision object 
comes in collision with the first detection region 11 R. In 
the case where the conductive channel of the conduc- 
tive wire coated with insulator 111 R is cut, output is 
1 5.39V; in the case where the conductive wires coated 25 
with insulator 111 R and 1 1 2R are cut, 1 2. 93V; and in the 
case where the conductive wires coated with insulator 
1 1 1 R, 1 1 2R and 1 1 3R are cut, 8. 96V. 
[0310] On the other hand, symbol A indicates an out- 
put example of the addition circuit in the case where the 30 
collision object comes in collision with the second de- 
tection region 12R, in the case where the conductive 
channel of the conductive wire coated with insulator 
1 21 R is cut, output is 1 5.75V; in the case where the con- 
ductive wires coated with insulator 1 21 R and 1 22R are 35 
cut, 1 3.97V; and in the case where the conductive wires 
coated with insulator 121R, 122R and 123R are cut, 
11.9V. 

[0311] Symbol O indicates an output example of the 
addition circuit in the case where the collision object <o 
comes in collision with the detection region 1 3R, in the 
case where the conductive channel of the conductive 
wire coated with insulator 1 31 R is cut, output is 16. 17V; 
in the case where the conductive wires coated with in- 
sulator 1 31 R and 1 32R are cut, 1 5.05V; and in the case 45 
where the conductive wires coated with insulator 1 31 R, 
1 32R and 1 33R are cut, 1 3.73V. 
[0312] As described above, the collision region can 
be readily specified from the output value of the addition 
circuit. It is noted that the output value of the addition so 
circuit can be suitably set by a combination of the resis- 
tors 11 OR, 120R and 130R with the shied wires 111 R, 
121 R, 131R, 112R, 122R, 132R, 11 3R, 123R, and 
1 33R. It is also possible to change the output value by 
adding resistors separately. 55 
[0313] Also in the case where in the aforementioned 
examples, the collision regions are more than 2 regions, 
it is possible to discriminate the collision regions since 



the output value of the addition circuit differs with the 
combination of conductive channels. 
[0314] The collision position of the collided body with 
the bumper 100, the size of the collided body and the 
collision force, etc. are presumed by making use of the 
fact that the conductive channel of the electric circuit 
network 1 0R in the bumper is cutoff due to the collision. 

(Fifteenth Embodiment) 

[0315] The collision discriminating apparatus for ve- 
hicles according to the 15th embodiment is different 
from the 14th embodiment in that as shown in FIGS. 55 
and 56, a plurality of conductive wires coated with insu- 
lator 1 91 and 1 92 constituting an electric circuit network 
10R are arranged front and rear at predetermined inter- 
vals in a moving direction of the vehicle in a guide 17. 
[031 6] The conductive wires coated with insulator are 
fixed at a position close to the inner peripheral wall of 
the guide 17, and the length of A is constant. Since the 
length of A is constant, the elongation when the conduc- 
tive wire coated with insulator is pressed against the cut- 
ting member is small and cutting is facilitated. Note that 
the conductive wire coated with insulator is formed of a 
material having a high fragility to enable positive cutting. 
[0317] When the cutting member 16 is pressed due 
to the collision with the collision object, the cutting mem- 
ber 16 and the projecting portion 161 are moved while 
receiving a draw of the elastic substance 18. When the 
cutting member 16 moves, the front conductive wire 
coated with insulator 191 connected to the resistor RN 
is first cut, and the rear conductive wire coated with in- 
sulator 192 connected to the resistor RM is then cut. 
Thereby, the conductive wire coated with insulator can 
be cutoff according to the collision force of the collided 
body. 

[031 8] Further, the characteristics of the elastic mem- 
ber 18 is made, for example, to be non-linear as shown 
in FIG. 57 to thereby enable imparting the cutting char- 
acteristics according the collision force. That is, by the 
provision of the characteristics in which displacement 
rapidly increases while the collision force is small, so 
that it facilitates to discriminate the collision force in the 
case of a relatively small collided body, e.g., a pedestri- 
an or the like. 

[0319] In the case where the collision object is a pe- 
destrian, since the collision force is smaller than the 
case of the vehicle, the front conductive wire coated with 
insulator 1 91 close to the outer peripheral portion of the 
vehicle is cutoff. On the other hand, in the case where 
the collision object is a vehicle, both the front conductive 
wire coated with insulator 191 close to the outer periph- 
eral portion of the vehicle and the rear conductive wire 
coated with insulator 1 92 arranged within the deeper po- 
sition are cut. 

[0320] Thereby, discrimination of the presence or ab- 
sence of collision and whether the collision object is a 
pedestrian is carried out. 
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[0321] The collision discriminating apparatus for ve- 
hicles according to the 15th embodiment having the 
above-described constitution and operation exhibits the 
effect that by arrangement of a plurality of the conduc- 
tive wires coated with insulator 191 and 192 in a longi- 
tudinal direction of the vehicle, the conductive wire coat- 
ed with insulator according to the collision force with the 
collision object and the size (inertia mass) of the collision 
object is selectively cut to thereby enable precise dis- 
crimination of the collision object and to facilitate the dis- 
crimination of collision with a pedestrian. 

(Sixteenth Embodiment) 

[0322] The collision discriminating apparatus for ve- 
hicles according to the 16th embodiment is different 
from the previous embodiments in that as shown in 
FIGS. 58 to 60, an electric circuit network 10R is ar- 
ranged also in a bonnet 101, and the collision with the 
bonnet 101 can be detected in addition to the bumper 

100 of the collision object. 

[0323] A bonnet mounting member 405 is mounted in- 
ternally of the bonnet 101 along the bonnet 101, and a 
conductor 451 is coated on the outer peripheral portion 
of the bonnet mounting member 405. The bonnet 
mounting member 405 is provided with notches 552 in 
a predetermined spaced relation. 
[0324] When the bonnet 1 01 and the bonnet mounting 
member 305 are deformed at the time of collision, the 
bonnet mounting member 405 is deformed to be bent at 
the notches 452. Thereby the conductor 451 coated on 
the bonnet mounting member 405 is extended and cut. 
[0325] In the collision discriminating apparatus for ve- 
hicles according to the 16th embodiment having the 
constitution and operation as described above, a pedes- 
trian as the collision object comes into collision with the 
bonnet 101 so that the bonnet 101 is deformed, the bon- 
net mounting member 405 disposed along the bonnet 

101 is deformed to be bent at the notches 452 whereby 
the conductor 451 coated on the bonnet mounting mem- 
ber 405 is cut, thus exhibiting the effect that the collision 
of the pedestrian against the bonnet 101 can be detect- 
ed. 

(Seventeenth Embodiment) 

[0326] The collision discriminating apparatus for ve- 
hicles according to the 17th embodiment is different 
from the previous embodiments whose object is only a 
front collision trouble in that as shown in FIGS. 61 and 
62, the present invention is applied to the detection of 
not only the front collision of a vehicle, but a flank colli- 
sion trouble of a vehicle. The difference will be mainly 
explained below. 

[0327] In the 17th embodiment, the collision discrim- 
inating apparatus for vehicles according to the present 
invention is mounted internally of a door outer plate 103 
as shown in FIG. 61 , and a conductive wire coated with 



insulator 193 is mounted internally of the door outer 
plate 103 by a door mounting member 194 and a con- 
ductive wire coated with insulator restricting member 
195. 

5 [0328] The conductive wire coated with insulator re- 
stricting member 195 is constituted to lock and restrict 
the conductive wire coated with insulator 1 93 so that the 
spacing between the door mounting members 194 is 
changed due to the deformation of the door outer plate 
103 caused by the collision with the collision object at 
the time of collision to allow the conductive wire coated 
with insulator 193 to be easily cut. 
[0329] The processing procedure for the judgement 
and the presumption of collision object in the collision 
discriminating apparatus for vehicles according to the 
1 7th embodiment will be explained below with reference 
to a chart of FIG. 63. FIG. 63 shows an example of a 
processing flow chart at the time of a front collision and 
a flank collision trouble in which the present invention is 
applied to the bumper 100 and the side door. 
[0330] In Step 1014, judgement is made if the addition 
output of the addition circuit 29 detected by the compar- 
ison circuit 23 is below a discrimination start level shown 
in FIG. 63. If below the discrimination start level, judge- 
ment is made if a collision part is in a front region of the 
vehicle in Step 1054. 

[0331] If the collision part is not in the front region of 
the vehicle, that is, in the side region of the vehicle, in 
Step 1064, judgement is made if the delay time which 
varies with the vehicle speed has passed. 
[0332] If has passed the delay time, the correspond- 
ing occupant protective device according to the right 
side collision and left side collision is operated. 
[0333] In Step 1 054, if judgement is made that the col- 
lision part is in the front region of the vehicle, in Step 
1064 similar to the aforementioned 14th embodiment, 
judgement is made if the delay time varying with the ve- 
hicle speed has passed. 

[0334] If passed the delay time, in Step 1034, judge- 
ment is made if the vehicle is stopping. In case of the 
stopping, in Step 1044, judgement is made if a level of 
the addition output of the addition circuit 29 is below a 
pedestrian discrimination level. In the case of the pe- 
destrian discrimination level, the pedestrian protective 
device 8 is operated. If below the pedestrian discrimina- 
tion level (in the case there is a great deal breakage of 
the electric circuit network 1 0R), the occupant protective 
device 6 is operated. 

[0335] In the collision discriminating apparatus for ve- 
hicles according to the 17th embodiment constituted as 
described above, a sensor constituting the collision de- 
tection means 1 is mounted on the door outer plate 103 
to enable the detection of collision of the collision object 
with not only the front but the side of the vehicle, exhib- 
iting the effect that after occurrence of collision, the pro- 
tective device can be rapidly operated in a short time as 
compared with prior art for detecting the acceleration in 
collision. 
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(Eighteenth Embodiment) 

[0336] The collision discriminating apparatus for ve- 
hicles according to the 18th embodiment is different 
from the 14th embodiment in that as shown in FIG. 64, 
an electric circuit network 10B separately from that of 
the 14th embodiment is added to the bonnet 101. 
[0337] In the 18th embodiment, the collision discrim- 
inating apparatus for vehicles according to the present 
invention is applied to and mounted internally of the bon- 
net 101 as shown in FIG. 64. A conductive wire coated 
with insulator 196 is mounted internally of the bonnet 
101 by a bonnet mounting member 197. 
[0338] The bonnet mounting member 1 97 is constitut- 
ed to lock and restrict the conductive wire coated with 
insulator 196 so that the conductive wire coated with in- 
sulator is apt to be cutoff due to the deformation of the 
bonnet 101 caused by collision with the collision object 
at the time of collision. 

[0339] The collision discriminating apparatus for ve- 
hicles according to the 18th embodiment constituted as 
described above exhibits the effect that the collision with 
the bonnet 101 in addition to the bumper 100 of the col- 
lision object can be also detected, and the collision area 
of the bonnet 101 is specified and the detection preci- 
sion of the pedestrian collision can be enhanced. 

(Nineteenth Embodiment) 

[0340] The collision discriminating apparatus for ve- 
hicles according to the 19th embodiment is different 
from the previous embodiment in that as shown in FIG. 
65, an moving member 60 is disposed which moves 
front and rear in a moving direction of the vehicle in order 
to control the connection to an electric circuit network 
10R extending in a longitudinal direction of the bumper 
100 is disposed. 

[0341] The moving member 60 is constituted by con- 
ductive rectangular members interposed between up- 
per and lower terminal fixing plates 60U and 60D applied 
with wirings constituting the electric circuit network 10R 
and disposed at fixed intervals with a buffer member 
60K sandwiched therebetween through a terminal T, 
and a semicircular pressing member 60P is disposed on 
the front. 

[0342] A sensor constituting the collision detection 
means comprises a conductive moving member 60, a 
terminal T, a wiring 10R constituting an electric circuit 
network 10R, and upper and lower terminal fixing plates 
60U and 60D to form a circuit of wiring 10R - terminal T 
- conductive moving member 60 - terminal T - wiring 
10R. 

[0343] In the collision discriminating apparatus for ve- 
hicles according to the 1 9th embodiment constituted as 
described above, the buffer member 60K is deformed 
due to the collision force at the time of collision, the con- 
ductive moving member 60 moves in a longitudinal di- 
rection (front and rear) of the vehicle, and the conductive 



moving member 60 is moved whereby the contact be- 
tween the conductive moving member 60 and the termi- 
nal T disappears to cutoff the electric circuit network 
10R, thus exhibiting the effect of enabling the detection 
s of the collision of a pedestrian with the bumper 100. 
[0344] The buffering characteristics of the buffer 
member 60K interposed between the conductive mov- 
ing members 60 adjacent to each other can be changed 
to cutoff the circuit according to the collision force. 

10 

(Twentieth Embodiment) 

[0345] The collision discriminating apparatus for ve- 
hicles according to the 20th embodiment is different 
is from the previous embodiment in that as shown in FIG. 
66, a plurality of moving members 61 , 62 in order to con- 
trol the connection to an electric circuit network extend- 
ing in a longitudinal direction of the bumper 100 are jux- 
taposed front and rear in a moving direction of the vehi- 
20 cle. 

[0346] The moving members 61 , 62 are each consti- 
tuted by a conductive rectangular member interposed 
between upper and lower terminal fixing plates 63 and 
64 applied with wirings constituting electric circuit net- 
25 works 10C, 10D and having a buffer member 67 sand- 
wiched therebetween, and semicircular pressing mem- 
bers 65, 66 are disposed in the front. 
[0347] In the case where the collision force of the col- 
lision object is small, the conductive rectangular mem- 
30 ber constituting the moving member 62 closed to the 
surface of the bumper 1 00 is pressed in by the pressing 
member 66 to cutoff the electric circuit network 10D. 
When the collision force becomes to be large, the con- 
ductive rectangular member constituting the moving 
35 member 61 at a deep location of the bumper is pressed 
in by the pressing member 65 to cutoff the electric circuit 
network 10C also. 

[0348] In the collision discriminating apparatus for ve- 
hicles according to the 20th embodiment, a plurality of 
40 the moving members 61 , 62 extending in a longitudinal 
direction of the bumper are juxtaposed front and rear in 
a moving direction of the vehicle to exhibit the effect ca- 
pable of positively detecting an occurrence of collision 
and enhancing the discrimination precision of the colli- 
45 sion force. 

(Twenty-first Embodiment) 

[0349] The collision discriminating apparatus for ve- 
50 hides according to the 21st embodiment is different 
from the 19th embodiment in that as shown in FIGS. 67 
and 68, front and rear members 60A, SOB formed of a 
trapezoidal sheet constituting an moving member 60 
which moves front and rear in a moving direction of the 
55 vehicle provided with an electric circuit network extend- 
ing in a longitudinal direction of the bumper 100 are dis- 
posed upside down and enabled vertical movement 
along the inclined engaging surface 60T 



20 



25 



30 



35 



40 



30 



59 

[0350] A metal foil 60H is attached to the upper ends 
of the front and rear trapezoidal members 60A, 60B, the 
upper end of the front member 60A coincides with the 
upper end of the rear member 60B as shown at the right 
of an enlarged view of FIG. 66 in a non-collision state, 
the metal foil 60H is continuous and two parallel wirings 
10H constituting an electric circuit network 10R are in 
conduction. When the collision object collides and the 
front member 60A moves rearward in a moving direc- 
tion, it moves downward along the inclined engaging 
surface 60T of the rear member 60B. Therefore, the up- 
per end of the front member 60A does not coincide with 
the upper end of the rear member 60B so that the metal 
foil 60H becomes ruptured to be discontinuous, and the 
two parallel wirings 10H constituting the electric circuit 
network 10R is in non-conduction whereby the collision 
is judged. 

[0351] In the collision discriminating apparatus for ve- 
hicles according to the 21 st embodiment having the con- 
stitution and operation as described above, when the 
collision object collides, the front member 60A moves 
downward along the inclined engaging surface 60T of 
the rear member 60B. Therefore, the upper end of the 
front member 60A does not coincide with the upper end 
of the rear member 60B so that the metal foil 60H be- 
comes ruptured to be discontinuous, and the two paral- 
lel wirings 10H constituting the electric circuit network 
10R is in non-conduction to enable the collision judge- 
ment of the collision object against the bumper 1 00, and 
since the moving member 60 is formed of a trapezoidal 
sheet, the size of a sensor constituting a collision detec- 
tion means can be made small. 

(Twenty-second Embodiment) 

[0352] The collision discriminating apparatus for ve- 
hicles according to the 22nd embodiment is different 
from the 21st embodiment in that the metal foil 60H at- 
tached to the upper ends of front and rear members 60A, 
60B formed of a trapezoidal sheet constituting an mov- 
ing member 60 which moves front and rear in a moving 
direction of the vehicle provided with an electric circuit 
network extending in a longitudinal direction of the 
bumper 100 is changed into a conductive wire coated 
with insulator 60S wired in the operating bodies 60A, 
60B formed of a sheet as shown in FIGS. 69 to 71. 
[0353] The front and rear members 60A, 60B are dis- 
posed upside down, an inclined engaging surface 60T 
to enable vertical movement thereof is formed with a 
rectangular unevenness engaging portion 60V, a lateral 
hole 60L extending through the front and rear members 
60A, 60B is formed, and the conductive wire coated with 
insulator 60S constituting the electric circuit network 
10R is interposed in the lateral hole 60L. 
[0354] When the collision object comes into collision 
with the bumper 100 at the time of collision, and when 
the front member 60 A moves rearward in a moving di- 
rection of the vehicle, it moves downward along the in- 



60 

dined engaging surface 60T of the rear member 60B 
and the unevenness engaging portion 60V to cut the 
conductive wire coated with insulator 60S constituting 
the electric circuit network 10R interposed in the lateral 

s hole 60L extending through the front and rear members 
60A, 60B. The collision is then judged. 
[0355] In the collision discriminating apparatus for ve- 
hicles according to the 22nd embodiment having the 
constitution and operation as described above, when 

10 the collision object collides, the front member 60A 
moves downward along the inclined engaging surface 
60T of the rear member 60B, and the upper end of the 
front member 60A and the vertical position of the rear 
member 60B are changed whereby the conductive wire 

15 coated with insulator 60S constituting the electric circuit 
network 1 0R interposed in the lateral hole 60L extending 
through the front and rear members 60A, 60B is cut. This 
exhibits the effect of enabling the collision judgement of 
the collision object against the bumper 100 and forming 

20 the unevenness portion 60V on the contact surface be- 
tween the two sheets 60 A, 60B to provide the positive 
vertical movement of the sheets. 
[0356] The preferred embodiments of the present in- 
vention, as herein disclosed, are taken as some embod- 

25 iments for explaining the present invention. It is to be 
understood that the present invention should not be re- 
stricted by these embodiments and any modifications 
and any modifications and additions are possible so far 
as they are not beyond the technical idea or principle 

30 based on descriptions of the scope of the patent claims. 
[0357] While in the 8th embodiment, a description is 
made of an example in which the electrostatic capacity 
change rate operation circuit 1 52 and the threshold-over 
decision circuit 153 are provided in the electrostatic ca- 

35 pacity detection circuit of the collision detection means, 
as one example, the present invention is not limited 
thereto but a signal processing means independently of 
the collision detection means may be employed, and it 
can be provided in the collision object presuming 

40 means. 

[0358] While in the second and third aspects and the 
5th to 9th embodiment, a description is made of an ex- 
ample in which the collision detection means is consti- 
tuted by the electrostatic capacity detection sensor hav- 

45 jng the dielectric interoposed between the opposed 
electrodes disposed opposedly at fixed intervals, the 
present invention is not limited thereto but any means 
capable of taking out, as an electric output, a deforma- 
tion amount (volume change) between the opposed 

50 electrodes caused by the collision with the collision ob- 
ject can be employed. For example, a pressure sensitive 
element or an aspect for detecting an deformation 
amount, that is, a volume change, as an electric output 
by a pressure sensor filled with a liquid between the op- 

55 posed electrodes caused by the collision with the colli- 
sion object can be employed. 

[0359] While in the 1 7th embodiment, a description is 
made of an example in which the collision detection 
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means of the present invention is applied to the door on 
the side of the vehicle, the present invention is not lim- 
ited thereto but it is mounted on not only the front and 
rear doors on the side of the vehicle but on the side of 
the front and rear fenders whereby the side collision part 
and the magnitude of collision can be presumed, and 
the behavior of the vehicle after the side collision trouble 
on the basis of these information can be predicated. For 
example, a secondary collision caused by a spin can be 
prevented. 



Claims 

1. A collision discriminating apparatus for vehicles 
comprising: 

a collision detection means mounted on a part 
of a vehicle to detect a deformed amount of a 
collided portion deformed by collision of a col- 
lision object against said vehicle; and 
a collision object presuming means for presum- 
ing said collision object collided against the ve- 
hicle on the basis of the deformed amount of 
said collided portion detected. 

2. A collision discriminating apparatus for vehicles ac- 
cording to Claim 1 , wherein 

said collision object presuming means com- 
prises means for presuming said collision object 
based on a time variation of said deformed amount. 

3. A collision discriminating apparatus for vehicles 
comprising: 

a collision detection means mounted on a part 
of a vehicle to detect a deformed amount of a 
collided portion deformed by collision of a col- 
lision object against said vehicle; and 
a collision object presuming means for presum- 
ing said collision object collided against the ve- 
hicle on the basis of the deformed amount of 
said collided portion detected, and a vehicle 
speed before or when the vehicle collided. 

4. The collision discriminating apparatus for vehicles 
according to Claim 3, wherein said collision object 
presuming means comprises a means for presum- 
ing said collision object by comparing a time varia- 
tion of said deformed amount with judgement refer- 
ence data stored in advance. 

5. A collision discriminating apparatus for vehicles 
comprising: 

a collision detection means for detecting colli- 
sion from deformation of a collided surface of a 
vehicle; and 



a collision object presuming means for presum- 
ing a collision object on the basis of an output 
signal from said collision detection means, 
wherein 

5 said collision detection means comprises an 

electrostatic capacity type collision detecting 
sensor for detecting the change in electrostatic 
capacity caused by the collision to output an 
electric signal, and including opposed elec- 
ta trodes disposed at a suitable distance on or 
within said collided surface and an elastic sub- 
stance as a dielectric interposed between said 
opposed electrodes; and 
said collision object presuming means compris- 
es es a judgement means for judging the collision 
object from a time variation of the electric sig- 
nal, that is, from the strength of the collision by 
comparing the electric signal from said collision 
detection means with data on a map prepared 
20 and stored for vehicle speed in advance. 

6. A collision discriminating apparatus for vehicles ac- 
cording to Claim 5, wherein said collision detection 
means further comprises an electrostatic capacity 

25 detection circuit for detecting a floating capacity 
generated between one of said opposed electrodes 
and a pedestrian; and 

said collision object presuming means further 
comprises a discriminating means for discriminat- 
30 jng between the pedestrian and an obstacle by 
comparing an output value of the floating capacity 
from said electrostatic capacity detection circuit 
with a threshold before the pedestrian or the obsta- 
cle comes into collision with the collided surface. 

35 

7. A collision discriminating apparatus for vehicles 
comprising: 

a pressure detection means which comprises 
40 a detection portion mounted on a part of a ve- 

hicle and, a chamber into which an incomprre- 
sive fluid is sealed and being deformable ac- 
cording to a collision against a collision object, 
and detects pressure within said chamber at 
45 the time of the collision to output a pressure sig- 

nal; and 

a collision object presuming means for presum- 
ing the collision object from a rising pattern of 
a pressure waveform caused by the collision on 
so the basis of the pressure signal corresponding 

to the collision output by said pressure detec- 
tion means. 

8. A collision discriminating apparatus for vehicles ac- 
55 cording to Claim 7, wherein said detection portion 

comprises a vehicle body side member formed from 
a hard material and a surface side member formed 
from a soft material, and said chamber is formed 
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within said surface side member. 

9. A collision discriminating apparatus for vehicles 
comprising: 

5 

a collision detection means which comprises an 
electric circuit network disposed on a part of a 
vehicle and detects, as a change of an electric 
signal, a change of a connection in the electric 
circuit network corresponding to a deformed 10 
amount of a collided portion deformed by a col- 
lision of a collision object against said vehicle 
and according to a size and a shape of said col- 
lision object; and 

a collision object presuming means for presum- is 
ing said collision object by presuming the size 
and the shape of said collision object on the ba- 
sis of the change amount of the electric signal 
corresponding to the deformed amount of the 
collided portion detected. &> 

1 0. A collision discriminating apparatus for vehicles ac- 
cording to Claim 9, wherein said electric circuit net- 
work of said collision detection means comprises a 
wiring disposed on a part of said vehicle, 25 

a part of the wiring disposed on the collided por- 
tion is constituted to be cut in response to the 
collision, and 

the cutting of the wiring in the collided portion 30 
is detected as a change of a voltage signal. 

1 1 . A collision discriminating apparatus for vehicles ac- 
cording to Claim 3, wherein 

35 

said collision object presuming means compris- 
es 

a means for detecting a first output of said col- 
lision detection means when a detected signal 
reaches a threshold level, for detecting a sec- *o 
ond output of said collision detection means 
when a first predetermined time has passed af- 
ter the time when said first output is detected 
and for comparing difference of the first and 
second outputs with reference levels. 45 

1 2. A collision discriminating apparatus for vehicles ac- 
cording to Claim 11, wherein 

said collision object presuming means further 
comprises a means for detecting a third output of so 
said collision detection means when a second pre- 
determined time has passed after the time when 
said first output or said second output is detected 
and for comparing difference of the first output or 
second output and third output with a reference lev- 55 
el. 



cording to Claim 12, wherein 

the first and second predetermined time is 
predetermined in response to the vehicle speed. 



1 3. A collision discriminating apparatus for vehicles ac- 
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TABLE 1 



JUDGEMENT TABLE OF COLLISION STATE IN FIRST EMBODIMENT 



RANK OF COLLISION STRENGTH IN C.D.M. 




JUDGEMENT 4 : O.P.D. is operated in urgent mode, 
(collision with stopped vehicle or confronted vehicle) 



Wl JUDGEMENT 3 : O.P.D. is operated in normal mode. 
^3 (offset collision of about 1/2 or rear-end collision) 



[js^s^ JUDGEMENT 2 : O.P.D. Js. operated. slowly. 



( weak rear-end collision or collision against 
electricity pole ) 



H] JUDGEMENT 1 : p.p.p. is operated, 
(collision with pedestrian) 



C.D.M. Collision Detection Means 
O.P.D. Occupant Protection Device 
P.P.D. Pedestrian Protection Device 
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TABLE 2 



JUDGEMENT TABLE OF COLLISION STATE IN SECOND EMBODIMENT 

(for each rank of vehicle speed) 




'/////A 



mm 



JUDGEMENT 5 : O.P.D. is operated in urgent mode, 
(collision with stopped vehicle or confronted vehicle) 

JUDGEMENT 4 : O.P.D. is operated in normal mode, 
(orfset collision or rear-end collision) 

JUDGEMENT 3 : O.P.D. is operated slowly, 

(weak rear-end collision "or collision against electricity pole) 

JUDGEMENT 2 : O.P.D. is operated in waiting mode, 

(collision with bycicle, a light vehicle, wneel chair or the like) 

JUDGEMENT 1 : P.P.D. is operated, 
(collision with pedestrian) 



F.C.D.M. First Collision Detection Means 
S.C.D.M. Second Collision Detection Means 

O.P.D. Occupant Protection Device 

P.P.D. Pedestrian Protection Device 
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TABLE 3 

CORRECTING TABLE OF COLLISION STATE IN THIRD EMBODIMENT 







JUDGEMENT IN C.S.P.M. 






4 


3 


2 


1 


! o 


DECELERATION RANK 
OF VEHICLE CAUSED 


a 


4 


4 


4 


4 


4 


b 


4 


3 


3 


3 


3 


BY COLLISION 


c 


4 


3 


2 


2 


2 




d 


4 


3 


2 


1 


0 



JUDGEMENT 4 : O.P.D. is operated in urgent mode. 

(collision with stopped vehicle or confronted vehicle) 



JUDGEMENT 3 : O.P.D. is operated in normal mode, 
(offset collision of about 1/2 or rear-end collision ) 

JUDGEMENT 2 : O.P.D. is operated slowly. 

(offset collision not more than .1/4 or collision against 
electricity pole) 

JUDGEMENT 1 : P.P.D. is operated, (collision with pedestrian) 
JUDGEMENT 0 : no operation (output below threshold value) 

C.S.P.M. Collision State Presuming Means 
O.P.D. Occupant Protection Device 
P.P.D. Pedestrian Protection Device 
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TABLE 4 

JUDGEMENT TABLE OF COLLISION STATE IN FOURTH EMBODIMENT 

detected collision zone 

whether C.D.M. outputs signal or not 

judgement of collision region 



1 


1 






1 


2 


3 










o 


F 


o 




o 


G 


o 






H 


o 


o 




1 




0 




J 



RANK OF COLLISION STRENGTH IN C.D.M 



B 



ill 
■ 

1 



iilii 




JUDGEMENT 6 : O.P.D. is operated in urgent mode. 

(collision with stopped vehicle or confronted vehicle) 

JUDGEMENT 5 : O.P.D. is operated in normal mode, 
(offset collision of about 1/2 or rear-end collision) 
JUDGEMENT 4 : O.P.D. is operated slowly, 
(rather weak rear-end collision) 

JUDGEMENT 3 : H.C.P.D. is operated slowly and F.C.P.D.in response 

to collision region is operated in waitina mod* 
(collision with slender and long fixed object' like* electricity pole) 
JUDGEMENT 2 p.p.D. is operated in waiting mode in response to 

collision region (collision with bibycle) 
JUDGEMENT 1 p.p.D. is operated in response to collision region 
(collision with pedestrian) 



H.C.P.P. Head-on Collision Protective Device 
H.C.P.P. Flank Collision Protective Device 

C.D.M. Collision Detection Means 

O.P.D. Occupant Protection Device 

P.P.D. Pedestrian Protection Device 
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READ DATA XI 
AT TIME T1 
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READ REFERENCE VALUES 
OF LEVELS 1 -4 ACCORDING 
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READ DETECTION DATA 
X2 AT TIME OF T2 AFTER 
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JUDGEMENT 
MEANS 



JUDGE FOR DETERMINING 
MODE OF OCCUPANT 
PROTECTION DEVICE 
ACCORDING TOVEHICLE SPEED 



ill 



RESULT IN JUDGEMENT IS OUTPUT 



( END ) 



C.S.: COLLISION STRENGTH 

P P.D: PEDESTRIAN PROTECTION DEVICE 
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